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PEECH is transmitted over 
telephone lines by current that 
passes over one conductor of a 

pair and back over the other. Because 
both sides of the circuit consist of 
metal wires, such a current path has 
come to be called the metallic circuit. 
The term arose many years ago to 
distinguish this type of circuit from 
that formed by a single wire and 
ground. Even though a telephone cir- 
cuit does not employ the ground as a 
return path, the effect of the ground 
is still present, with the result that 
the two wires of a telephone circuit, 
together with the ground, provide a 
second type of circuit known as the 
“longitudinal circuit.” Over this cir- 
cuit approximately equal currents flow 
in the same direction in both conduc- 
tors of the metallic circuit and return 
to the source over the ground path. 
The importance of the longitudinal 


The 


Longitudinal 
Circuit 


By R. A. SHETZLINE 


Interference Prevention Engineer 


circuit arises from the fact that 
many of the noise disturbances 
induced into telephone circuits 
from the outside enter by way 
of the longitudinal circuit. 
Since the two wires of a tele- 
phone pair, whether run on 
crossarms or in cable, are close 
together compared to the dis- 
tance from the disturbing 
source, the voltages or cur- 
rents induced in them are 
nearly the same. They are 
made almost exactly equal 
by transposition schemes for open- 
wire pairs or by twisting in cable 
pairs. This is indicated in Figure 1. 
While there may be slightly more 
voltage induced in the T wire over one 
section, there will be proportionately 
more induced in the R wire over the 
next section, so that over the length 
of the exposure, the voltage is very 
closely the same in amount and direc- 
tion in both conductors, and as a 
result the induced current flows over 
the longitudinal circuit. 

So long as the current remains 
longitudinal, it will not disturb the 
speech communication, because only 
current in the metallic circuits can 
affect the telephone receivers at the 
ends of the line. Suppose, however, 
that such a longitudinal current has 
been induced in a line, and reaches a 
cord circuit at one end as shown in 
Figure 2a. In conductor R it en- 
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counters an impedance z due to the 
supervisory relay. Current 1 flowing 
through this impedance causes a volt- 
age drop iz. If there were a similar z 
in the T conductor, the two 1z voltage 
drops would be equal and opposite as 
far as the metallic circuit was con- 
cerned, and there would be no net 
effect. Since the z is in one line only, 
however, there is the single voltage 1z 
acting on the metallic circuit, and it 
results in a metallic-circuit current, 
which will be transmitted over the 
circuit just as the voice currents are. 
This effect is controlled in practice by 
restricting the magnitude of imped- 
ance unbalance z. 

The basic cause of the transfer of 
current from the longitudinal to the 
metallic circuit is thus some form of 
unbalance—a lack of symmetry be- 
tween the two sides of the line. It 
might have taken the form of a dif- 
ference in capacitance between the 
sheath and the two wires of a cable 
pair, as indicated in Figure 2b, of a 
joint with appreciable resistance, of a 
tree leak, or of a ringer connected be- 
tween one side of the line and ground, 
as in Figure 2c. It is always an un- 
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Fig. 1—Induction from an adjacent power 
circuit 1s primarily to the longitudinal 
circuit because of the transpositions 
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balance of some sort, however, by 
which induced longitudinal currents 
enter the metallic circuit. If it were 
practicable to keep all telephone cir- 
cuits perfectly balanced, both with 
respect to ground and outside dis- 
turbing sources, there would be no 
noise induced in them from the 
outside. 

Besides being a link between out- 
side disturbances and the telephone 
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Fig. 2—Various forms of unbalance that 
may result in metallic-circuit current 


circuit, the longitudinal circuit may 
also act as a carrier of crosstalk. Voice 
current in one pair may induce longi- 
tudinal current in other pairs, and 
this, in turn, may become metallic- 
circuit current in these latter pairs. 
This situation becomes of particular 
importance at carrier frequencies be- 
cause of the greater effect of small un- 
balanced capacitances. Its effect and 
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reduction in the type-K carrier sys- 
tem have already been described.* 

The types of unbalances shown in 
Figure 2 are of the obvious kind, but 
unbalances may exist that are not 
evident in a cursory examination of 
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Fig. 3—Where the only path for the longi- 

tudinal current 1s inter-coil capacitance, 

careful design and construction 1s required 
to secure adequate balance 


the circuit schematic. The repeating- 
coil type of battery feed, shown in 
Figure 2a, might possibly provide an 
unbalance that would cause disturb- 
ances in the metallic circuit even 
though the supervisory relay were not 
in the circuit. The longitudinal line 
current coming in over the T and R 
leads normally passes to the ground 
at the midpoint of the coil. If, how- 
ever, the windings are not perfectly 
balanced, the effect of the current in 
the T lead flowing in winding 4-3 will 
not exactly balance that of the cur- 
rent from the R lead flowing in 
*Recorb, March, 1939, p. 206. 
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winding 7-8, and as a result a net 
differential voltage will be induced in 
the metallic circuits of windings 2-1 
and 6-5. 

In this particular case the unbal- 
ance is most likely of the inductive 
type, and is best reduced by use of a 
bifilar winding. The wire for coils 4-3 
and 7-8 are placed side by side and 
wound on at the same time so that the 
windings are as nearly identical as 
they can be made. With this type of 
winding, the unbalance is very small. 
The same construction could be used 
for windings 1-2 and 5-6. 

In an arrangement such as shown in 
Figure 3a, the longitudinal current 
does not flow to ground conductively, 
as in Figure 2a, but through the 
various inter-coil capacitances as 
shown in Figure 3b. To avoid an un- 


POWER LINE 
PARALLEL 


| | z 


(b) 


Fig. 4—Choke coils may be used to reduce 
longitudinal current, as at a, or drainage 
coils to drain the current off, as at b 


balance, capacitance A must equal 
Al, B equal B!, c equal c! and D equal 
D! except where certain unbalances 
can be paired to cancel. Only the most 
careful design and construction of 
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loading coils will keep these un- 
balances to the desired minimum. 
Very often a perfectly balanced cir- 
cuit either is too costly to be war- 
ranted or is not possible, and other 
methods must be employed to prevent 
the longitudinal current from  se- 
riously affecting the metallic circuit. 
Perhaps the most obvious and widely 
used method is that of shielding. In 
principle this consists in providing a 
grounded external circuit over which 
longitudinal current may flow, thus 
reducing the effect on the telephone 
circuit. Shielding is particularly effec- 
tive against electrostatically induced 
disturbances, because the shield acts 
as a barrier beyond which the electric 
field cannot pass. A shield unless of 
highly magnetic material, however, 
does not form a complete barrier to a 
magnetic field, but in spite of this 
fact it does exert a shielding effect. 
Perhaps the simplest explanation is 
that the disturbing flux produces 
longitudinal current both in the con- 
ductors and in the shield, but the 
current in the shield also induces a 
current in the conductors, which is in 
the opposite direction, and thus pro- 
vides a compensating effect. The lead 
sheath of a telephone cable is a com- 
mon example. Here an outside dis- 
turbance induces a longitudinal cur- 
rent in the sheath, and since this 
sheath, as well as the longitudinal 
current it carries, completely sur- 
rounds the conductors inside, the 
longitudinal current is reduced. Shield- 
ing is particularly effective at the 
higher frequencies, and the coaxial 
conductor, which is a completely un- 
balanced circuit, owes its freedom 
from induced disturbances to effective 
shielding provided by the outer con- 
ductor at very high frequencies. 
Another method of reducing longi- 
tudinal current is by the use of choke 
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coils inductively coupled so that they 
offer a high impedance to longitudinal 
current but very little impedance to 
the metallic-circuit current. In Figure 
4, for example, which is like Figure 2a, 
choke coils have been inserted and 
so poled that flux due to metallic- 
circuit current flowing in the upper 
coil from 1 to 2 opposes that due 
to current flowing back through the 
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Fig. s—Disturbances from the outside may 

be induced by either inductive or capacitive 

coupling, and the methods used for their 
control will vary accordingly 


lower coil from 4 to 3, and thus the only 
impedance offered is the resistance 
of the coils, which is small. To longi- 
tudinal current, however, flowing 
from left to right through both wind- 
ings, thus reversing the effect of the 
lower coil, a high impedance is offered. 

The action of these coils depends 
on whether the longitudinal current 
is induced inductively or capacitively. 
The conditions for disturbances due 
to magnetic induction are indicated in 
Figure 5a. The induced voltage e de- 
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pends on the current flowing in the 
power line and the distance of the 
power line from the telephone line, 
and not on the characteristics of the 
telephone line. The disturbing current 
that flows, however, is equal to this 
voltage divided by the impedance of 
the complete longitudinal circuit, 
which consists for the most part of the 
resistance and inductance of the 
wires plus the impedance to ground of 
the terminal apparatus including the 
entrance cable. This impedance is not 
very high, so that by inserting high- 
impedance choke coils, the total im- 
pedance can be greatly increased and 
the disturbing current in the tele- 
phone circuit greatly diminished. 

If, on the other hand, the disturb- 
ance is induced through the capacity 
between the power and telephone 
lines, the situation is as indicated in 
Figure 5b. Here the voltage-to-ground 
of the power line, £, induces a dis- 
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turbing current that is inversely pro- 
portional to the impedance, consisting 
of the capacitance between the power 
and telephone lines plus the imped- 
ance to ground at the two ends of the 
telephone circuit. The capacitance 
between power and telephone line, 
however, is very small and thus its 
impedance is very high—probably 
hundreds of times greater than that 
of the telephone circuit to ground. 
Because of this, the impedance of the 
telephone circuit has very little effect 
on the total disturbing current, and 
even if a choke coil of high impedance 
compared to that of the telephone cir- 
cuit is inserted, the total disturbing 
current will not be greatly reduced. 
Although the choke coil used under 
these conditions will not greatly re- 
duce the disturbing current, it may 
divert it from the unbalanced termi- 
nation at the right (see Figure 5) to 
the balanced termination at the left. 

Another method of 
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reducing the longitudi- 
| nal current in unbal- 
anced circuit elements 
| is by the use of drain- 
| age coils. As indicated 
in Figure 4b, this con- 
sists of a coil (gener- 

| ally with series con- 

densers to block direct 

| current) shunted across 
REPEATING | the line, and grounded 
| at its midpoint. The 
two halves of this coil 
are wound series aid- 
ing so that to metallic- 
circuit current, tending 


to flow through it from 
one side to the other, 
it offers a high imped- 


Fig. 6—Sectionalization, as in the phantom termination at 

a, is an important method of limiting the effect of longi- 

tudinal current. With sectionalized unbalanced circuits, as 
at b, the grounding becomes of great importance 
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ance. To longitudinal 
current, however, flow- 
ing from both lines to 
the midpoint, the im- 


September 1939 


: 
. 
‘ 
| : 
| 


pedance is very low. Such a coil thus 
forms a very low impedance path to 
the disturbing currents, and can be 
used to drain off by far the greater part 
of them before they reach unbalanced 
circuit elements. Neither drainage nor 
choke coils, however, can be inserted 
in a telephone line without careful 
study of their effects on transmis- 
sion and on all possible circuit oper- 
ations that are involved. 

Another common means employed 
to break up the longitudinal circuit is 
to sectionalize the line, so that the 
longitudinal current is limited to cer- 
tain sections only. In a phantom 
group, for example, the office termi- 
nation, as indicated in Figure 6a, pro- 
vides no longitudinal path through the 
office except through the coil capaci- 
tances, and since these are small, the 
longitudinal path is of high impedance 
except at high frequencies. A form of 
sectionalization occurs in Figure 2a, 
since the longitudinal current cannot 
pass the battery feed, and thus cannot 
react with any other unbalances to 
the right of this point, unless the 
central-office ground is poor. 

In many arrangements proper 
grounding is very important. In Fig- 
ure 6b, for example, which represents 
a regulating 44-A-1 repeater circuit, 
the effect of the unbalanced gain con- 
trol is partially eliminated by the sec- 
tionalization provided by the repeat- 
ing coil. The arrangement of the 
grounds x and y, however, is very im- 
portant. If there is a difference in 
potential between them, it will appear 
in part on the grid-filament circuit of 
the first tube through the capacitance 
coupling between the windings of 
the input transformer. 

Another method for reducing the 
longitudinal current is neutralization. 
Apparatus used for neutralization and 
its method of application have already 
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been described in the Recorp.* This 
method has, to date, been used 
largely for low-frequency rather than 
for high-frequency induction. 

Before remedial methods can be 
satisfactorily applied, it is frequently 
necessary to measure the unbalance 
of circuits and circuit components. 
In fact it is part of normal telephone 
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Fig. 7—Circuit for unbalance rating, at a, 
is shown with a circuit connected for 
measurement at b 


circuit development to insure that the 
designs are adequate with respect to 
unbalance. To facilitate such measure- 
ments, an unbalance rating circuit has 
been developed. Its essential features 
are shown in Figure 7a. An oscillator 
serves as a source of longitudinal cur- 
rent and is fed into the test circuit at 
the midpoint of a repeating coil. The 
apparatus or circuit to be measured 
is connected to the terminals 1, 2, 
3, 4, and 5, as shown in Figure 7b. 
The ratio of the metallic-circuit volt- 
age e to the applied longitudinal 
voltage E gives a measure of the cir- 
cuit unbalance. One form of this cir- 
cuit is shown being used in the photo- 
graph at the head of this article. 
*Fune, 1934, Pp. 311. 
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The Ortho-Technic Audiphone 


By W. L. TUFFNELL 


Transmission Instrument Development 


HEARING aid is really a min- 
iature telephone system, and 
in developing the new Western 

Electric audiphone, advantage has 
been taken of much of the recent re- 
search on telephone instruments. The 
new set marks a distinct advance. 
The complete equipment consists of a 
microphone, a mechanical amplifier, 
and either an air- or bone-conduction 
receiver. The photograph at the head 
of this article shows all four of these 
units. Where the hearing loss is slight, 
the mechanical amplifier may be 
omitted. All of the instruments have 
phenol plastic housings, an obvious 
improvement over the previously used 
metal casings. 

An important improvement in the 
new audiphone is the use of a split 
battery. Previously the same set of 
dry cells was used to supply current 
to both the transmitter and the ampli- 
fier. This meant, as can be seen from 
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Figure 1, that the internal resistance 
of the dry cells was a common element 
in both the input and output circuits 
of the amplifier. With advancing life, 
the resistance of dry cells increases, 
aiid eventually the coupling becomes 
high enough to cause sustained feed- 
back oscillations. These oscillations, 
which are in the audio-frequency 
range, can be so disturbing that the 
value of an audiphone is greatly re- 
duced. To eliminate the oscillations, 
replacement of the battery may be 
necessary before its otherwise useful 
life is exhausted. 

Such effects are now avoided by the 
use of two separate batteries housed 
in a single container and connected as 
shown in Figure 2. With this arrange- 
ment, there is no common resistance 
in the receiver and transmitter cir- 
cuits and thus no means for trans- 
ferring disturbances from one to the 
other. The double battery of the 
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present set is of approximately the 
same size and weight as the single 
battery of the former set. This is 
possible because the instruments of 
the audiphone are of high sensitivity 
and operate on less current. 

The microphone, shown in Figure 3, 
comprises a molded plastic case en- 
closing a transmitter unit similar to 
that recently developed for the new 
telephone handset. The housing has 
been made thin and smooth, so that 
it will be as inconspicuous as possible 
under clothing. The transmitter unit 
is resiliently mounted in the housing, 
so that the effects of vibrations will be 
minimized. Volume control is ob- 
tained with a slide-wire rheostat 
which is adjusted by a flat knob at the 
center of the transmitter. 

The audiphone transmitter unit dif- 
fers from that built for the new station 
handset in that the mechanical imped- 
ance of its vibratory system and car- 
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Fig. 1—Previous audiphones have had a 
single battery, which forms a common ele- 
ment of transmitter and receiver circuit 


bon chamber has been made consider- 
ably lower toobtain greater sensitivity. 
This is, of course, an obvious require- 
ment for a transmitter to be used with 
a hearing aid, inasmuch as its condi- 
tions of use are frequently such that 
the acoustic input may be anywhere 
from one-tenth to one-hundredth of 
that reaching the ordinary telephone 
transmitter. The new audiphone has 
been designed to operate in all posi- 
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tions, which adds greatly to the ease 
with which it may be worn. 

To aid in meeting various hearing- 
loss characteristics, microphones with 
two types of frequency-response char- 
acteristics have been provided. One, 
the 637B, discriminates against the 
lower frequencies, being more efficient 
at the higher frequencies. In addition 
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Fig. 2—In the Ortho-Technic Audiphone a 
double battery is employed, and there is no 
common element to the two circuits 


both air-conduction and _ bone-con- 
duction receivers have been made 
available to satisfy the requirements 
of the two general types of deafness: 
conductive deafness, where the hear- 
ing loss is in the auditory transmission 
system between the ear canal and the 
auditory nerve, and nerve deafness, 
where there is a loss in sensitivity of 
the auditory nerves. People with con- 
ductive deafness usually obtain more 
benefit from a bone-conduction type 
of receiver, whereas those with nerve 
deafness usually require an air- 
conduction type of receiver. 

An air-conduction receiver is worn 
with an individually molded receiver 
attachment that fits the contour of 
the outer ear; and hence its size and 
weight are important. Advantage has 
been taken of recent advances in mag- 
netic materials and in receiver de- 
signs to produce a receiver that com- 
bines a high performance with small 
size. Figure 4 illustrates how com- 
pletely the objective of a small re- 
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ceiver has been met. The mag- 
netic element is housed in a 
phenol plastic case; and a disc 
of relatively thick permalloy 
is fastened to the center of the 
diaphragm to improve the 
efficiency of the magnetic cir- 
cuit. Three air-conduction re- 
ceivers, differing in low-fre- 
quency characteristics, have 
been designed to aid in meet- 
ing the requirements of people 
having different hearing-loss 
characteristics. 

The amplifier unit consists, 
essentially, of the magnetic 
unit and diaphragm of the air- 
conduction receiver and a car- 
bon chamber element similar to that 
used in the microphone. The moving 
electrode of the carbon element is 
directly fastened to the permalloy 
diaphragm, thus giving maximum 
coupling between the receiver and the 
carbon element. This results in a re- 
markably efficient amplifier. Its gain 
is approximately 25 db over a range 
in frequency from 200 to 2500 cycles 
per second, and it will give outputs up 
to zero level without serious distor- 
tion. One of the disadvantages of 
previous audiphone amplifiers has 
been that when the direct current 
decreased as a result of either a falling 
battery voltage or a rising resistance 


Fig. 3—The transmitter element of the new audiphone is less 
than two inches in diameter and well under a half an inch 


in thickness 


Io 


Fig. 4—Receiver unit for the new audiphone show- 


ing permalloy disc on diaphragm 


of the transmitter carbon, caused by 
aging, the amplifier gain would de- 
crease appreciably. This variation is 
practically eliminated in the new 
amplifier by the use of a permanent 
magnet rather than the electromag- 
netic element formerly used. The unit 
is mounted in a phenol plastic housing 
that plugs into the double battery; 
and included in the housing is a 
switch for turning the set on and off. 
A diagrammatic sketch showing the 
amplifier unit mounted in the housing 
is shown in Figure 5. 

Concentric cords are used exclu- 
sively for connecting the various units 
into a complete set. These cords are 
equipped with small 
plugs at the ends 
which fit into sockets 
in the units, thus elimi- 
nating the soldered or 
screw connections that 
have been employed 
previously. With this 
arrangement, the user 
may readily replace 
cords that are worn 
out, and thus avoid 
the inconvenience of 
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sending the set to a dealer for repairs. 

The speech amplification on a loud- 
ness basis, with the most efficient 
combination of instruments, is from 
15 to 20 db for the non-amplifier, air- 
conduction audiphone; and from 40 
to 45 db with the amplifier. The re- 
sponse of the bone-conduction audi- 
phone is fairly uniform for the im- 
portant speech frequencies, and the 
output level is such that the loudness 
of reproduced speech by bone conduc- 
tion is almost as loud as the original 
speech would appear to be toa person 
who had normal hearing but who was 
listening to the speech with one ear. 


Throughout the development of — 
this Ortho-Technic Audiphone, stress 
has been laid not alone on an increase 
in volume, which gives an audiphone 
a superficial appearance of efficiency, 
but on an increase in intelligibility—a 
faithfulness in reproduction that en- 
ables the user to understand readily. 
Increased volume may be obtained 
merely by making the resonance 
peaks of the component instruments 
occur at the same frequency, but in- 
creased intelligibility requires the 
more difficult achievement of elimi- 
nating disturbing noises and increas- 
ing faithfulness of reproduction. 
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Fig. s—The amplifier consists of a microphone and receiver unit closely coupled 
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The 710A Bone-Conduction Receiver 


By M. S. HAWLEY 


Transmission Instrument Development 


EARING loss may _ result 
H either from some defect in 

the inner ear of such a nature 
that vibrations reaching it do not pro- 
duce the normal intensities of sensa- 
tion, or from some defect in the chain 
of small bones or ossicles connecting 
the drum to the inner ear, with the 
result that much of the sound incident 
on the drum is lost before reaching the 
inner ear. Combinations of these de- 
fects may exist, of course, but usually 
one is sufficiently dominant to char- 
acterize the type of hearing loss as 
the inner-ear or outer-ear type. With 
an outer-ear loss, the auditory nerves 
may be intact, and the problem is to 
get the normal intensity of vibration 
to them. With inner-ear loss 
the auditory nerves them- 
selves have lost their sensi- 
tivity, and, as a result, the 
intensity of vibration de- 
livered to them must be 
greater than normal. 

There are two ways by 
which vibrations may be 
transmitted to the inner 
ear. One is by passing the 
vibrations along the highly 
efficient linkage of ossicles 
extending from the drum to 
the inner ear. The other is 
by transmitting the vibra- 
tions through the bones of 
the skull—usually through 
the mastoid bone. This 
method is much less effi- 
cient, and normally requires 
considerably greater inten- 


sity to produce the same vibration in 
the inner-ear. The most effective way 
of overcoming a hearing loss due to 
inner-ear defects, therefore, is to trans- 
mit the sound vibrations from a small 
air-conduction receiver fitted closely 
in the ear. An effective receiver of this 
type, designed for the new Western 
Electric audiphone, is described in 
the preceding article. 

In some cases, however, where the 
hearing loss is principally due to an 
inability of the ossicle chain to trans- 
mit vibrations satisfactorily, a bone- 
conduction receiver may prove more 
effective. Such a receiver is worn just 
behind the ear against the mastoid 
bone, through which it transmits the 


Fig. 1 (left)—This jack-in-the-box can’t get out but he 
can vibrate the box by pulling up and down on the 
rope. The operation of the earlier bone-conduction 


receiver was of this type 


Fig. 2 (right)—By providing a spring-supported 
plate on which the jack-in-the-box pulls, the box can 
be made to vibrate at higher rates 
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vibrations to the inner ear. Such a re- 
ceiver was developed by the Western 
Electric Company in 1912, and was 
used for measuring hearing loss with 
an audiometer. 

A receiver of this type for use with 


Fig. 3—An approximate, perspective view 
of the 710d receiver looking from the 
armature side 


an audiphone has already been de- 
scribed in the Recorp.* The principle 
on which this receiver works is sug- 
gested by Figure 1, which shows a 
man inside of a light packing case 
standing on two springs. In his hands 
he holds a rope fastened to a plate 
attached to the bottom of the box. 
If he suddenly jerks up on the rope, 
the box will jump off the ground, and 
if he alternately jerks up and relaxes 
his pull on the rope in rapid suc- 
cession, the box will naturally jump 
up and down. 

In the bone-conduction receiver, the 
case of the receiver plays the part of 
the box, and the magnet structure of 
the receiver, which is fastened to the 
case by a spring, plays the part of the 
man. The periodic attraction of the 
magnet for its armature, which is 
rigidly fastened to the case, exerts the 
force that the man does on the rope. 


* August, 1935, p. 364. 
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The man can control the rate, or fre-- 
quency, of vibration of the box by 
merely changing the rate at which he 
pulls and releases the rope, but he is 
limited in both directions. If he pulls 
very slowly, the pull will be com- 
pletely absorbed by the spring, and 
the box will not move, while if he 
pulls with very short rapid motions, 
the box will not be able to move 
rapidly enough to follow. This is 
equally true of the receiver, which 
vibrates most effectively from about 
300 to 1500 cycles per second. 

Since the previous receiver was de- 
veloped, new materials have come 
into existence, and more experience 
has been gained in the development of 
hearing aids. As a result it has been 
possible to design a new bone-con- 
duction receiver known as the 710A 
which gives better quality of sound 
reproduction over the hearing range 
and is higher in efficiency. 

The response of the new receiver 
extends to a higher frequency before 
cutting off; however, when the cut-off — 
is reached, the response drops very 
rapidly. The extension in the fre- 
quency range of response and the 
sharp decrease in response after the 
cut-off both contribute to the quality 
of sound reproduction. The extension 
in frequency range allows the trans- 
mission of the higher frequencies 
which add to the clearness of sounds. 
The sharp cut-off filters out high-fre- 
quency components of modulation 
from the carbon element of the me- 
chanical amplifier. These components 
normally are a source of objectionable 
noise and produce a distortion in the 
quality of sound reproduction. 

This modification in the charac- 
teristic has been secured by incorpo- 
rating an additional spring in the 
vibrating structure. The action of the 
new receiver could be represented as 
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shown in Figure 2. The difference is 
that the plate on which the man pulls 
is fastened to the case by a relatively 
stiff spring. The man, as before, rep- 
resents the magnet structure, and the 
plate is the armature, which in the 
new receiver is attached to the case 
by springs, instead of being rigidly 
fastened. The effect of this additional 
spring is difficult to isolate because the 
overall result depends on the stiffness 
of the springs on which the man 
stands as well as on that of the 
springs supporting the plate. It can 
be shown both mathematically and 
experimentally, however, that the 
overall effect is to extend the response- 
frequency range and to steepen the 
cut-off of the receiver. 

The construction of the new 
receiver is indicated in Figures 
3 and 4. The springs that fasten 
the magnet and the armature to 
the case are formed from a 
single piece of beryllium cop- 
per—one of the new materials 
that have contributed to the 
success of the receiver. It is 
formed into shape in the an- 
nealed condition and hardened 
afterward by heat treating. 
This permits sharper bends to 
be made in it, and thus allows a 
more simple and compact con- 
struction. The armature is sol- 
dered into place in the central 
portion of this spring lattice, 
and moves with respect to the main 
body of the spring by flexing two 
narrow strips on each side. A screw 
in each side of the spring lattice 
fastens it to the case, and one in each 
end fastens it to the magnet. Between 
each of its fastenings, the spring can 
flex, so that its action is similar to that 
of the springs in Figure 2. 

The magnet structure consists of 
two permanent magnets connecting 
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two u-shaped pole pieces. On the two 
inner arms of these two v’s are placed 
the coils of wire through which the 
speech currents flow; the two outer 
arms are merely supporting members 
for fastening to the springs. The mag- 
nets are made of remalloy—the other 
new material that has contributed to 
the success of the receiver. Because 
of the efficiency of this new material 
as a permanent magnet, it has been 
possible to increase the size of the 
pole pieces—and thus to increase the 
efficiency of the receiver—without 
increasing the size of the magnets 
themselves. 

By employing these new materials, 
and profiting by experience over the 


Fig. 4—A cut-away view of the 710A receiver look- 


ing from the bottom 


past few years, it has been possible to 
secure a gain in efficiency of the new 
receiver, besides getting the wider 
frequency band and a reduction in 
the disturbing noises of higher fre- 
quency. These are very appreciable 
improvements, and together with 
those secured by designing the re- 
ceiver as part of a complete system in- 
cluding transmitter and power supply, 
result in a very superior hearing aid. 
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Dialing Incomings 
C. E. GERMANTON 
Central Office Switching Development 


HEN there are both man- 

ual and panel offices in the 

same area, switchboards 
have been required in the panel 
offices to complete calls from the 
manual offices. These boards, known 
as cordless ‘““B’’ boards*, are used for 
calls from toll or tandem switch- 
boards as well as from local manual 
boards, and are equipped with akeyset 
with which the operator sends the key 
pulses that set up the connection. As 
the ratio of panel to manual offices in 
an area increases, the load on these 
“B” boards becomes less; and if the 
toll and tandem traffic in the area is 
handled by means of key-pulsing 
equipment, the “B” boards would 
then care only for the traffic from the 
manual offices, and would be very 
small in size and consequently ineffi- 
cient. In such areas the elimination of 
“B” boards may be very desirable, and 
one way to accomplish this would be 
to provide dialing incomings in the 
panel office and dials on the “A” 
boards in the manual offices. The only 
operator involved under these condi- 

*Recorp, December, 1930, p. 162. 


MANUAL OFFICE 


tions would be the ‘“‘A” operator in 
the manual office, who would dial the 
desired number in the panel office. 
The arrangement is indicated below. 
These dials in some cases may already 
have been installed for completing 
calls to nearby step-by-step offices. In 
other cases the expense of installing 
dials may be justified by the greater 
saving in eliminating the ““B” board. 

When the calling subscriber in the 
figure originates a call, the manual 
“A” operator answers by plugging a 
cord into the jack associated with the 
calling subscriber, and receives the 
number in the usual manner. If the 
number is for a subscriber in the panel 
office, the operator will plug into an 
idle trunk to that office just as for a 
call to another manual office. Now, 
however, there is a difference. Instead 
of receiving the manual order tone 
(zip-zip) which is a signal to give the 
called number audibly, the operator 
will hear, after a short delay, dial tone 
as a signal to dial the number. Having 
dialed the number, the operator then 
disconnects her position circuit and 
may give her attention to other duties. 


PANEL OFFICE 


| “a” SWITCHBOARD | 
| INCOMING | CALLED 
CALLING SELECTOR -- 
SUBSCRIBER TRUNK | CIRCUIT SUBSCRIBER 
| 
| CORD | | | 
| | DIAL FINDER 
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DIAL START TERMINATING 
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When the operator inserted her 
plug into the jack associated with the 
dialing trunk leading to the panel 
office, relays in the dialing incoming 
selector circuit responded to this 
closure of the trunk and signaled over 
the common start lead to the start 
circuit, which immediately relayed 
this signal to a preselected—or rather 
a preferred—idle terminating sender. 
This sender then actuates one of its 
trunk finders to hunt for the dial- 
ing incoming, which can be identi- 
fied by a condition on one of the leads 
terminating on the bank of the trunk 
finder. When the connection is made, 
the start signal is removed and dial 
tone is sent from the sender through 
the trunk finder into the dialing in- 
coming and over the interoffice trunk 
to the operator in the manual office as 
mentioned above. The dialed number 
is then recorded on relays in the 
sender, which now has a dialing range 
of more than thirty miles, and the 
selector apparatus in both the incom- 
ing and final selectors is then con- 
trolled by the sender in the usual 
manner for panel office equipment. 
When the called line has been found 
the sender disconnects itself and ring- 
ing is begun. If the called line is not 
reached, or if the line is busy, the 
incoming will recall the operator with 
a re-order lamp signal, and will send 
a busy tone to the calling subscriber. 

For this arrangement very little new 
equipment is required in the panel 


office. The terminating senders, trunk 
finders, and the start circuit were al- 
ready designed and are provided in 
many cases for use with the No. 14 
test desk for testing subscribers’ lines. 
It was necessary only to increase the 
capacity of this circuit group, which 
resulted in additional economy since 
its group efficiency was thereby in- 
creased. The dialing incoming selector 
circuits themselves cost somewhat 
more than the standard full-mechani- 
cal incomings, but can readily be 
converted at slight additional cost 
when the manual office with which 
they are used is converted into a dial 
office of the panel or crossbar type. 
When the “B” switchboard is 
omitted in a panel office, provision 
must be made for handling traffic from 
the “DSA” board, such as assistance, 
delayed ringing, and verification calls, 
tosubscribers within the office. To com- 
plete calls of this nature without the use 
of the more costly key-pulsing equip- 
ment, a different type of dialing incom- 
ing selector circuit was developed. This 
differs chiefly in that certain econo- 
mies were possible because of the 
availability of the third conductor in 
the trunk, and the elimination of 
certain transmission and supervisory 
equipment since such equipment is 
always available in the switchboard 
circuit. The illustration below shows 
how the “DSA” operator may use 
this circuit in assisting one subscriber 
to reach another in the same office. 
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News of the Month 


BELL TELEPHONE LABORATORIES 
To Buitp at Murray 


Tue Boarp or Directors has authorized the 
construction of a laboratory building on the 
property owned by the Laboratories at Murray 
Hill, New Jersey. This new unit of the Labora- 
tories’ buildings will house about 800 persons, 
that is, about seventeen per cent of the total 
personnel. Plans for the building are being 
drawn by Voorhees, Walker, Foley and Smith, 
Architects. The building and its permanent 
facilities are estimated to cost in the neighbor- 
hood of three million dollars, and its occupancy 
is expected during 1941. This new building unit 
will provide space for certain groups in the Re- 
search and Apparatus Development Depart- 
ments. The Murray Hill structure will contain 
laboratories for Physical Research, Chemical 
Research, Outside Plant Development and 
Material Standards, together with the staff and 
service personnel necessary for their operation. 
There will also be housed in the building some 
other work of the Research and Apparatus 
Development Departments. 

The Murray Hill property of the Laboratories 
is located in the township and borough of New 
Providence, New Jersey, which is immediately 
southwest of Summit. The property is within a 
mile of the Murray Hill station of the Delaware, 
Lackawanna and Western Railroad on its Glad- 
stone Branch. To this station electrified service 
is given from Hoboken via Summit. The property 
is also conveniently located with reference to 
main highways. 


25TH ANNIVERSARY OF FIRST 
CONVERSATION OvER TRANSCONTINENTAL 
TELEPHONE LINE 


NEARLY 200 men who had played a part more 
than a quarter century ago in the planning, de- 
signing, or building of the first transcontinental 
telephone line met in seven cities from coast to 
coast on Friday, July 28, to observe the 25th 
anniversary of the first telephone conversation 
between New York and San Francisco. That 
historic call took place on July 29, 1914, when 
Theodore N. Vail, then President of the American 
_ Telephone and Telegraph Company, talked with 
G. E. McFarland, then President of The Pacific 
Telephone and Telegraph Company. 


[ii] 


The seven cities linked by telephone last July 
for the anniversary observance, and the number 
of men present in each who had had some direct 
connection with the first transcontinental line, 
were: New York, seventy-seven; Philadelphia, 
nine; Cleveland, twenty; Chicago, fourteen; 
Omaha, thirteen; Denver, eighteen; and San 
Francisco, forty-three. In addition, telephone 
officials and guests increased the attendance at 
several of the cities. 

It was six o’clock in the afternoon in New York 
City when T. G. Miller, Vice-President of the 
A. T. & T. in charge of the Long Lines Depart- 
ment, opened the program by calling the roll of 
the other cities along the line. In San Francisco 
it was a few moments after two o’clock when 
Mr. Miller, speaking with President N. R. Powley 
of The Pacific Telephone and Telegraph Com- 
pany, recalled the momentous occasion of 
twenty-five years before. 

Following the calling of the roll of cities, Mr. 
Miller introduced Dr. Frank B. Jewett, President 
of the Laboratories. It was Dr. Jewett who 
organized the research in transmission which 
had to precede the physical extension of the 
line, and he spoke for a few minutes about some 
of the problems involved and how they were 
overcome. 

After Dr. Jewett’s talk, a telegram was read 
from President Walter S. Gifford of A. T. & T., 
who was unable to be present. The Voders which 
are part of the Bell System exhibits at the 
World’s Fairs in New York and San Francisco 
were then connected to their respective ends of 
the line, and exchanged greetings and some 
casual conversation. 

The final feature of the program was the 
semi-serious formation and momentary existence 
of “The Society of Planners and Builders of the 
First Transcontinental Telephone Line.” By a 
series of motions, this society was created, pro- 
vided with officers, and adjourned sine die— 
in all probability never to meet again, even by 
telephone. It existed just long enough to provide 
those present in the seven cities with handsome 
certificates of membership as souvenirs of the 
occasion. 

After this, the telephone line was made avail- 
able to all present, so that old friends might 
exchange greetings and chat back and forth 
from city to city. 
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Below—O. B. Blackwell, P. S. Clapp (now with 
Columbia Gas & Elec. Co.) and R. L. Fones 


C. A. Robinson (C. & P.), W. T. Teague WW. E.), H. P. 
Charlesworth (A. T. & T.) and F. Ff. Pilliod (A. T. & T.) 


At the microphone, Fohn Mills moves the organization 

and adjournment sine die of “The Society of Planners 

and Builders of the First Transcontinental Telephone 

Line.” Its elected officers appear in the picture: Presi- 

dent F. B. Fewett, Vice-President T. G. Miller and 

Secretary E. H. Colpitts. The Vice-President at San 
‘ Francisco is H. D. Pillsbury 


e 
At the New York dinner for those who planned and built the first transcontinental telephone line | 
Below—B. W. Kendall, H. E. Shreeve and W. Fondiller 


Members of the Laboratories who attended 
the dinner were: 


G. A. Anderegg A.H.Heitmann John Mills 

F. H. Best R. S. Hoyt E. C. Molina 

O. B. Blackwell O. B. Jacobs L. F. Morehouse 
W. L. Casper F, B. Jewett E. O. Scriven 

E. H. Colpitts E. D. Johnson W. J. Shackelton 
L. Espenschied R. L. Jones T. Shaw 

H. W. Everitt —B. W. Kendall H. E. Shreeve 
L. P. Ferris S. B. Kent R. T. Staples 

W. Fondiller R. C. Mathes M. Sultzer 

H. A. Frederick H. Weinhart 


Although the first trial conversation between 
New York and San Francisco took place on 
July 29, 1914, the transcontinental line was 
not made available for public use until January 
of 1915. In that year it carried an average of 
three calls per day. Today there are four trans- 
continental telephone lines, and they handle an 
average of 1,700 calls a day between the Pacific 
coast and points east of Denver. 


T. E. SHea Joins ERPI 


AS VicE-PRESIDENT 


T. E. SHea, Switching Development Engineer, 
has been elected vice-president of Electric 
Research Products, Inc. He has become Direc- 
tor of Engineering and will have charge of all 
technical activities of ERPI in both New York 
and Hollywood. Mr. Shea was graduated in 
electrical engineering from Massachusetts Insti- 
tute of Technology in 1918. After two years there 
as instructor he entered the Western Electric 
Company and shortly thereafter he transferred 
to the engineering department which later be- 
came Bell Telephone Laboratories. 

Here he first had charge of the development 
of electric wave filters and equalizers. Carrier 
telephony, transatlantic radio, and television 
employ networks were developed under his 
supervision. In 1929 Mr. Shea was placed in 
charge of acoustical, optical and electrical circuit 
development in connection with sound picture 
work. As the sound picture industry grew from its 
early conception to a world-wide industry, a 
substantial part of its advancement was brought 
about under his immediate direction. Among the 
problems of this period to whose solution Mr. 
Shea contributed may be noted the light valve, 
flutter control, noise reduction, and wide-range 
recording. 

Two years ago, Mr. Shea was designated to 
organize in Bell Telephone Laboratories a new 
line of long-term development involving tele- 
phone switching apparatus. His work in these 
problems has been principally with mechanical 
apparatus used in central offices. 

He is a fellow of the Acoustical Society, a 
fellow and past treasurer of the Society of Motion 
Picture Engineers and an associate of the 
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T. E. Shea 


American Institute of Electrical Engineers. In 
addition to a book, Transmission Networks and 
Wave Filters, Mr. Shea is the author of a number 
of technical papers on various aspects of sound 
picture engineering. 


THe Type-K Carrier Goes OVERSEAS 


TurovucH the International Standard Elec- 
tric Corporation, six type-K carrier telephone 
systems have recently been bought by the 
Telephone Administrations of Finland and 
Sweden. Two of them were shipped to Finland 
early in July for service in December. They will 
provide twenty-four carrier channels through an 
underground cable between Helsinki and Turku, 
a distance of 105 miles. Three auxiliary repeater 
stations will be employed as indicated on the 
map shown on the next page. 

Early in the fall, the four remaining systems 
will be shipped to Sweden for service early in 
1940. They will provide forty-eight channels 
between Géteborg and Malmé, some 172 miles. 
This route will include three main and four 
auxiliary repeater stations, and the cable—as in 
Finland—will run underground. 

Modifications have been required in the 
standard type-K system because of the cable 
characteristics and the difference in signal level. 
Since the cables are all underground, the loss 
variations are small, and manual regulation will 
be employed. O. H. Loynes, of the Toll Trans- 


mission Development Department, sailed on 
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August 5 for Finland to act as consultant in the 
testing of the system which is being installed there. 


““SYMPHONY IN SAND” 


AN INTERESTING SIDELIGHT on the work of 
members of the Laboratories while in the field is 
furnished in an article published recently in The 
Amarillo Globe. The article, written by Lewis 
Nordyke, a staff reporter, follows: 

Perhaps only four persons in the United States 
depend upon dust storms for success in their im- 
mediate work. They are M. T. Dow, W. E. Reid, 
J. L. Lindner and Miss E. Rentrop of the Bell 
Telephone Laboratories in New York City. 
They are in the West to learn how dust affects 
telephone lines. 

Mr. Dow and Mr. Reid and Miss Rentrop are 
in Amarillo, and Mr. Lindner is assigned to 
Albuquerque. They will measure the noise 
caused by dust on lines between Amarillo and 
Trinidad, Colorado, between Oklahoma City and 
Albuquerque, New Mexico. The information 
will be used in efforts to design equipment 
or systems which will drain the “symphony 
in sand” without molesting voices on the wires. 


Dust storms on the Southern Great Plains have 
caused one of the biggest regional problems in the 
telephone industry. The swirling dust generates 
electric charges or static. When the dust con- 
tacts telephone wires, the wires absorb the 
charges. These charges build up voltage on the 
wires which is the foundation cause of the noises. 

The laboratory men have determined several 
interesting facts about the “symphony in sand”: 
1. Dust causes two kinds of noises on tele- 
phones—a hissing sound and a popping crackle. 
2. All dust storms do not cause the noises. 
3. Some snow generates static that affects tele- 
phone lines. 

The noise problem is more serious than the 
average telephone user may think. During the 
storms of this year the telephone company here 
lost several long-distance circuits because of the 
noises. Any time a circuit becomes noisy the 
company suspends its use immediately so tele- 
phone users will not be discomforted. 

The average person who dials a number or 
talks long distance likely doesn’t know it, but he 
is protected by little carbon protector blocks, 
many of them. The carbon block serves the 

same purpose as a safety valve in a 


boiler. 


GERMANY 


When a charge is built up in a 
telephone line—by dust, lightning or 
any other disturbance—there must be 
a breakdown. It can’t be in the tele- 
phone office. Equipment might be 
harmed. It can’t be in the home or 
office of a telephone user, for the pro- 
tection of telephone subscribers is the 
first consideration of the company. 

So the breakdown occurs in the 
carbon block. When dust builds up the 
voltage to the breaking point, the 
break occurs in the protector block, 
the charge jumping through the block 
into a ground wire. When the jump 
comes the escaping charge causes the 
popping sound on the wire. If the dust 
is severe it may have another charge 
built up by the time the preceding one 
hops the gap into the ground, thereby 
causing a constant popping noise. 

It is this thing the laboratory men 
hope to stop. When they gather all 
available information on the noises the 
data will be studied and equipment 
designed to eliminate the trouble. 

The dust static doesn’t affect cables 
to a great extent but it causes serious 
trouble on the naked strand of wire 
used extensively in long distance serv- 


ice, particularly in the Southwest. 


The two new type-K carrier systems in Europe 
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The laboratory men have been work- 
ing on the problem since last summer. 
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K. S. JoHnson 


of the Transmission Develop- 

ment Department completed 

thirty years of Bell System 
service on August 10 


At that time they were in Oklahoma City. There 
they made phonograph records of the noises. 
These records are in the laboratories for study. 

The laboratory men are using “listening,” 
“recording” and “measuring” equipment. They 
hope to determine exactly what causes electrified 
dust’s havoc on the wires and they hope to figure 
out a way to eliminate dust noise—drain it 
from the wires without interfering with voices and 
telegraphic and other services that are used on 
the telephone lines. 

The work is a part of the never-ceasing efforts 
of the telephone company to improve service. 
As a matter of fact, the telephone engineer of 
today has as difficult problems as did Alexander 
Graham Bell when he started experimenting with 
the idea of improving the crude telegraph. He in- 
vented the telephone and obtained a patent 63 
years ago, but he likely never thought of how a 
Plains dust storm would affect a telephone line. 


VISITORS TO THE LABORATORIES 


Amonc the engineers and research workers who 
visited the Laboratories during recent months, 
were: from Argentina, Erik Adolf Adde, 
Chief Engineer, L. M. Ericcson Telephone 
Manufacturing Company, Buenos Aires; 4us- 
tralia, R. T. Hinckley, Engineer, Postmaster 
General’s Department, Queensland; Belgium, 
Georges H. Marchal, Chief Engineer, Labora- 
toire Central d’Electricite, Brussels; Canada, 
R. A. Chipman, Assistant Professor of Physics, 
Acadia University, Wolfville, Nova Scotia, Mr. 
Dubuc, Quebec Telephone Company, Saguenay, 
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A. R. Swosopa 


of the Telephone Apparatus 
Department completed thirty Facilities Department com- 


years of service in the Bell pleted thirty years of Bell 
System on August § 


R. G. RamspDELL 
of the Local Central Office 


System service August 1 


and Clifford P. Wilson, Montreal; Colombia, 
J. Toban; Denmark, O. Christensen, Engineer, 
Standard Electric Aktieselskav, Copenhagen; 
England, C. S. Agate, Chief of Designs Depart- 
ment, and A. H. Cooper, Electric and Musical 
Industries, Ltd., E. G. Brewitt-Taylor, Imperial 
College of Science and Technology, London, 
F. C. Burstall, Commercial Manager, and 
L. M. Simpson, Development Engineer, Auto- 
matic Telephone and Electric Company, Ltd., 
London, A. W. Hothersall, Woolwich Arsenal, 
London, Peter Cooper, British Marconi Com- 
pany, Chelmsford, D. L. Johnston, Northamp- 
ton Engineering College, London, Captain A. 
Fraser Nash, Director, Parnall Aircraft, Ltd., 
and C. E. Strong, Radio Manager, Standard 
Telephones and Cables, Ltd., London. 

From France, P. Chevalier and J. Leduc, 
Compagnie de Compteurs, General A. Gavard, 
Colonel P. Salmon and Colonel A. Lhomme, 
Members of the Mission Gavard, and G. M. 
Perroux, Le Materiel Telephonique, Paris; 
Holland, Professor Clay, University of Amster- 
dam; Italy, Professor Francesco Vecchiacchi, 
Polytechnic Institute of Milan; Japan, S. Bekku, 
Managing Director, and Teiichi Suzuki, Elec- 
trical Engineer, Sumitomo Densen Seizo Syo, 
Osako, and S. Suzuki, Engineer, Japanese De- 
partment of Communications; Malay Peninsula, 
W. Stubbs, Malayan Postal Service; Poland, 
Artur Hirszbandt, Henryk Lukasiak and Henryk 
Magnuski, Representatives of the Tele-Radio 
Technical Institute of Poland; Mexico, J. R. 
de la Herran, Chief Engineer, Radio Station 
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XEW, and Gilberto Muzquiz, Mexico City; 
Sweden, Boerje Nils Henry Kristenson, Aktien- 
bologet Ekonomiregister, Stockholm, and Switz- 
erland, Dr. Harold B. Eisner, Wolfram und 
Molybdaem A. G. 


News Nores 


R. P. MuutsterrF has been appointed a mem- 
ber of the faculty of Cooper Union as an in- 
structor of machine design. 

N. E. Newron of the Northern Electric Com- 
pany visited the Laboratories to discuss station 
apparatus. 

SrupIEs with a view of improving methods of 
cleaning central-office equipment in service were 
made by G. H. Downes, O. C. Eliason, E. G. 
Hilyard, G. G. Smith and S. A. Weeden at the 
Thirteenth Street exchange of the New York 
Telephone Company. 

E. D. Meap was at Hawthorne to discuss 
manufacturing matters connected with timers. 

CABLE SHEATH PROBLEMS were investigated at 
Asbury Park by W. Babington, G. M. Bouton, 
J. G. Brearley and F. B. Livingston. Mr. Babing- 
ton also visited the American Smelting and 
Refining Company’s plant at Perth Amboy to 
discuss the physical testing of lead. 

W. J. Farmer and J. P. Guerarp have re- 
sumed their strain measurements on cable 
sheath at Chester. 

I. V. Wituiams visited the Edgewater Plant 
of the Aluminum Company of America to discuss 
problems in the die pressing of aluminum. 

Tue Rapcuirr central office in Philadelphia 
was visited by R. L. Hanson, 
J. R. Power and E. M. Board- 
man in connection with noise 
reduction in telephone ex- 
changes. 

S. J. SrockrLetH has been 
reélected president of the Nor- 
wegian Engineers’ Society of 
New York. 

A. E. RueHLE presented a 
paper on Use of Spectrograph 
and Densitometer for Spectro- 
photometry and Colorimetry and 
E. K. Jaycox on Quantitative 
Spectrochemical Analysis of Al- 
loys, Solutions and Powders at 
the 1939 Conference on Spec- 
troscopy and Its Applications, 
held at the Massachusetts 
Institute of Technology. 


crystals was made by W. P. Mason, S. O. 
Morgan, W. L. Bond and A. N. Holden at the 
laboratories of the New Jersey Zinc Company 
at Palmerton, Pennsylvania. 

A GRouP OF coursEs on Physics of Metals was 
given during the summer session of the Uni- 
versity of Pittsburgh. W. Shockley was one of the 
five instructors who lectured. In the August issue 
of the Journal of Applied Physics there was pub- 
lished an article by Dr. Shockley entitled The 
Nature of the Metallic State. 

In A PAGE-and-a-quarter Letter to the Editor, 
published in Nature for June 10, W. M. Goodall 
discussed The F2 Region of the Ionosphere as an 
Indicating Mechanism for Solar Activity. 

R. B. Ramsey spent several weeks at Phila- 
delphia and Princeton in connection with the 
installation of power and test-pilot equipment 
for trial on the coaxial cable installation. Instal- 
lation of the three-megacycle repeater equipment 
has started in the Princeton-Philadelphia section. 

J. W. Wooparp visited Dallas to discuss, with 
the Telephone Company’s engineers, questions 
on an order for equipment in the Beaumont 
toll office. 

J. H. Sote visited the A. T. & T. repeater 
station at Fargo, North Dakota, the reserve 
engine-alternator assembly plant at Lansing 
and the diverter-pole-machine manufacturer 
and Telephone Company at Cleveland. He also 
spent some time at the General Electric Com- 
pany’s plant in Fort Wayne discussing alter- 
nators, contactors and general machine design. 

A. E. Petrie and F. T. Forster discussed 


U. B. Tuomas, Jr., visited 
central offices in St. Louis and 
Cincinnati in connection with 
field studies being made on 
base-metal contacts. 

A stupy oF zinc-sulphide 
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WHITE 
of the Central Office Switch- 
ing Development Department 
completed thirty years of Bell 
System service on August 10 


J. A. McIntyre 


of the Electromechanical Ap- 
paratus Department com- 
pleted forty years of Bell 
System service on August 28 
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storage batteries at Philadelphia. 

W. Rupp spent several weeks 
at the Lynn crossbar office as- 
sisting the New England Tele- 
phone and Telegraph Company 
in their maintenance training 
program. R. E. Hersey also 
spent a week at Lynn serving in 
a similar capacity. 

Raymonpb, a member 
of the Switching Research De- 
partment, died on August 13. Mr. 
Raymond was graduated from 
Cornell University in 1900 with 
an M.E. degree and immediately 
entered the Engineering Depart- 
ment of the Western Electric 
Company where he had an im- 
portant part in development of 
early common-battery circuits. 
He was identified with panel switching de- 
velopments from the outset and one of his major 
contributions during the early panel stages was 
the selection of the circuits necessary to meet 
the individual traffic requirements of each job. 

In the laboratory study of the codrdinate 
system, Mr. Raymond was responsible for the de- 
velopment of some of the circuits. He also had 
a prominent part in perfecting the decoder. 
For several years previous to 1937 when he 
transferred to the Switching Research Depart- 
ment, his activities were concentrated on sender 
developments, first for the panel system and 
later for the crossbar. Since 1937 he had been 
concerned with circuit aspects of certain switch- 
ing development projects. 


Ralph Raymond, 1880-1939 


THE OPERATIONOf programcir- 
cuits for the 14C program broad- 
casting equipment was observed 
in Washington by F. S. Entz, 
R. L. Case, E. Von der Linden 
and C. A. Smith. 

F. K. Low was in Lynn in 
connection with the installation 
of the new crossbar system. 

THE TRIAL INSTALLATION of 
the type-J2 carrier-telephone 
system on an open-wire line be- 
tween Dallas and San Antonio 
has been completed and B. C. 
Griffith, H. T. King, R. W. 
Lange, A. W. Lebert, H. R. 
Moore and H. R. Nein have re- 
turned to New York. 

A NEW TWO-WIRE repeater 
system is now undergoing trial 
on a cable circuit between Bos- 
ton and Greenfield, Massachusetts, with an in- 
termediate station at Fitchburg. Engineers par- 
ticipating in this trial include H. A. Etheridge, 
Jr., R. D. Fracassi, H. W. Nylund, R. D. 
Ehrbar, M. R. Kleist, A. L. Bonner, S. T. 
Meyers and T. J. Young. 

Joun Ma tert has been at Minneapolis and 
St. Paul testing the Stevens Point-Minneapolis 
coaxial cable. 

E. D. Guernsey and J. M. Dunnam conducted 
noise tests in northern New Jersey in connection 
with the installation of two Peterson coils by 
the New Jersey Power and Light Company. 

L. E. Coon attended a Safety Engineering 
Lecture and Discussion Course sponsored by the 
Newark Safety Council and held at the Chamber 


MEMBERS OF THE LABORATORIES TO WHOM Patents WERE IssuED DuRING 
THE Montus oF JUNE AND JULY 


G. E. Atkins C. W. Halligan (2) W. H. Matthies G. N. Saul 

M. W. Baldwin, Jr. J. M. Hardesty L. A. Meacham L. Schott 

H. M. Bascom R. V. L. Hartley (2) J. Meszar F. F. Shipley 

J. Baumfalk R. E. Hersey S. T. Meyers (2) A. M. Skellett (3) 
W. Bennett C. N. Hickman D. L. Moody G. O. Smith 

C. A. Bieling E. E. Hinrichsen E. E. Mott P. H. Smith 

H. S. Black H. Hovland N. D. Newby M. A. Specht 

E. T. Burton J. L. Hysko J. B. Newsom G. H. Stevenson 

R. S. Caruthers H. E. Ives A. C. Norwine S. M. Sutton 

C. J. Christensen W. F. Kannenberg H. Nyquist W. H. Tidd 

R. E. Collis F. S. Kinkead H. G. Och L. Vieth 

T. L. Corwin R, J. Kircher H. M. Owendoff M. A. Weaver 

R. A. Cushman C. D. Koechling R. L. Peek, Jr. (2) C. F. Wiebusch (2) 
A. R. D’heedene E. Lakatos (3) R. R. Riesz W. T. Wintringham 
P. G. Edwards F. B. Llewellyn D. H. Ring P. L. Wright 

C. E. Fay M. A. Logan K. F. Rodgers S. B. Wright 

C. L. Goodrum (2) W. P. Mason V. E. Rosene A. V. Wurmser 

E. I. Green R. C. Mathes A. L. Samuel (3) G. R. Yenzer 
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MEMBERS OF THE LABORATORIES WHO COMPLETED TWENTY YEARS OF SERVICE 
IN THE Bett System Durinc JULY anp AuGusT 


Apparatus Development Department 


Research Department 


Transmission Development Department 


General Staff Department 
August 29 


Systems Development Department 


July 7 
Miss Mildred H. Lammers................ August 29 
Plant Department 
Bartholomew Lynch... August 10 
Patent Department 


of Commerce Building, Newark, New Jersey. 

S. S. A. Watkins contributed a chapter on 
the Voder to the third edition of Dr. Douglas 
Stanley’s book, The Science of Voice. Mr. Wat- 
kins was responsible for the development of the 
demonstration of the Voder at the New York 
and San Francisco Fairs and for the training 
of its operators. 

Dr. L. D. Bristot, M.D., Health Director of 
the A. T. & T. (temporarily assigned to special 
work at the Laboratories), gave a brief lecture on 
vacation hazards and first-aid measures during 
the noon hours on July § and 7 in the Auditorium. 
A two-reel sound motion picture entitled The 
Hurricane’s Challenge preceded Dr. Bristol’s talk. 
Booklets on Safety and First Aid obtained from 
local insurance companies were distributed by 
the Employee Service Department to those who 
attended these sessions. 

Durine Jury, J. A. Hall was at the Patent 
Office, and R. J. Fluskey, R. O. Covell, and E. B. 
Cave appeared before the Board of Appeals 
relative to patent matters. 

S. B. Kent was in Philadelphia to attend the 
taking of testimony in interference proceedings 
and H. S. Wertz attended a hearing before the 
Examiner of Interferences at the Patent Office 
in Washington. 

* * * 

Eric Lunp, with over thirty-four years of 
service in the Bell System, retired from active 
service on the thirty-first of July. Mr. Lund was 
born in Stockholm, Sweden, and came to this 
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country in 1893. He joined the Western Electric 
Company in 1901 after spending several years 
with the Manhattan Electric Company where he 
had been engaged in the manufacture of electric 
door-openers and other appliances. One of his 
first assignments here was the construction of 
range finders, steering and engine transmitters 
and indicators for the U. S. Navy. This work 
required extreme accuracy and was considered 
one of the most important jobs in the shop at 
that time. 

After a three-year engagement with an outside 
concern manufacturing musical instruments, Mr. 
Lund returned in 1910, and engaged in making 
the parts and assemblies required for the early 
experimental dial systems, such as friction rolls 
and terminal banks. Later he was engaged in 
manufacturing work on short-wave transatlantic 
radio-telephone systems. In August, 1930, he 
joined the Research Department where he has 
been occupied with all kinds of mechanical work 
on research projects. 

Epwarp Montcuyk of the Apparatus De- 
velopment Department, who joined the Bell 
System in 1902, retired from active service on 
July 31. Mr. Montchyk was graduated from the 
University of Colorado with the degree of B.S. 
in 1899 and received the B.A. degree from 
Harvard in 1900. He held the Whiting Fellowship 
in Physics at Harvard University where he 
studied mathematics and physics. Following two 
years with the General Electric Company at 
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Lynn, Massachusetts, he joined the apparatus 
design group of the Western Electric Company 
and was associated with the design of the first 
toroidal coil and of the No. 8 cable terminal. 
Later he headed a group editing special orders 
covering telephone apparatus and then a group 
approving apparatus drawings. 

In 1907 Mr. Montchyk went to Antwerp, Bel- 
gium, for apparatus design work in the Bell 
Telephone Manufacturing Company. In a few 
years he headed that group and later became 
Chief Engineer and head of the Installation 
Department. In 1914 he returned to the United 
States where during the next five years he divided 
his time between New York and Hawthorne. 
After going to Europe in 1919 to assist in re- 
opening the Antwerp factory, Mr. Montchyk 
rejoined the Engineering De- 
partment of the Western Elec- 
tric Company in New York. 
Since then he has had charge 
of groups investigating insu- 
lating materials and the physi- 
cal properties of materials 
used in the telephone plant. 
He has developed methods for 
determining the strength of 
materials, for precise measure- 
ment of dimensions, and for 
accelerated life testing. More 
recently he has been in charge 
of a group analyzing dial ap- 
paratus and developing im- 
proved methods for base-metal 
contact-noise control. 

W. D. Situ, of the Plant 
Department, with service in 
the Western Electric Company 


Edward Montchyk 


[x] 


W.D. Smith 


and the Laboratories since 1918, retired on the 
thirtieth of June. From 1903 to 1918 Mr. Smith 
was with the late Thomas Nash, New York archi- 
tect, planning city and country residences, 
churches and institutions. During the World War 
he came to the Western Electric Company where 
he was assigned to the radio development group. 
Following the war he was placed in charge of the 
apparatus design drafting room where he re- 
mained until 1930. During this time he was en- 
gaged in the design and supervision of Col. 
E. H. R. Green’s radio broadcasting station, 
WMaAF, at Round Hills, Massachusetts. Mr. 
Smith transferred to the engineering and drafting 
group of the Plant Department in 1930 and until 
his retirement did building drafting and engi- 
neering of alteration work at the West Street 
plant and architectural design 
of several buildings for various 
laboratories in New Jersey. 
* 

J. E. Kenzic, a laboratory 
mechanic of the Transmission 
Development Department’s 
test station at 32 Sixth Ave- 
nue, retired from active serv- 
ice on the thirty-first of 
August. Mr. Kenzig’s first 
contact with the Bell System 
was in 1899 when he worked 
for a short time with the 
Western Electric Company at 
West Street. Previous to this 
and until 1910 he was with the 
General Electric Company at 
Schenectady and with the 
Brooklyn Navy Yard. At the 
Navy Yard he spent most of 
his time on wireless telegraphy 


f. E. Kenzig 
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and other signalling systems. 

Mr. Kenzig joined the Engi- 
neering Department of the 
Western Electric Company in 
1910 and for over a year was 
concerned with experimental 
work on telegraph equipment. 
From IgI1 to 1920 he was with 
several other concerns, includ- 
ing the United States Testing 
and Conditioning Company 
where he maintained all me- 
chanical equipment used in 
silk testing, the Sperry Gyro- 
scope Company and the Ford 
Instrument Company. When 
he returned to the Western 
Electric Company he entered 
the Development Shop where 
he specialized on the wiring of 
radio equipment, amplifiers 
and public address systems. 
In 1921 he worked on the first 
truck designed to demonstrate 
public address systems. Later 
he did general instrument work 
in the Shop and since 1937 had 
been a mechanic in the test 
station at 32 Sixth Avenue. 

ON THE SIXTEENTH of July, C. W. Lowe com- 
pleted thirty years of service in the Bell System. 
Following his graduation from the University of 
Wisconsin in 1909 with the degree of B.S. in 
Electrical Engineering, Mr. Lowe joined the 
student course of the Western Electric Company 
at Hawthorne and after the usual shop training 
gained his installation experience at Jackson, 
Mississippi; South Bend, Indiana, and Galesburg, 
Illinois. He was then assigned to the apparatus 
design group of the Engineering Department at 
New York where he became associated with the 
development of ticket distributing systems, sub- 
marine loading coil cases, plugs and jacks, and 
telephone sets. In 1917 he was placed in charge of 
the design group in which was concentrated 
practically all of the commercial telephone 
apparatus designed during the war period. 

In 1919 Mr. Lowe organized and then super- 
vised the Apparatus Specifications Department 
and three years later, in addition to this, took 
over apparatus drafting, apparatus drawing and 
specifications files, and the card catalogue. He be- 
came Commercial Service Manager in 1925 and 
General Service Manager six months later. 
A short time later when a special commercial 
development group was formed to promote the 
development of sound pictures, he joined that 
group and when this was later consolidated with 
what is now the Commercial Products Develop- 
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The top of the terminal pole at the Phoenixville experimental test 
station of the Laboratories, where the performance of open-wire 
lines at high frequencies is investigated. Various wire configura- 
tions can be set up with special steel crossarms. The small black 
tubes are terminating resistances. The engineer standing on the 
crossarm is Ff. T. Dixon, and the cameraman was H. A. Affel 


ment Department, he continued with sound 
pictures, spending much of his time on determin- 
ing the requirements for a laboratory which 
resulted eventually in the construction of Section 
L. During this period he also participated in 
arranging auditions of sound pictures for pros- 
pective licensees. 

Mr. Lowe transferred to Electrical Research 
Products, Inc., in 1928, first to engineer studio 
equipment and then in charge of the drafting 
department, engineering files, engineering library 
and general engineering service. In 1933 he 
became staff engineer, in which capacity he did 
considerable engineering work on the practical 
application of “‘hill and dale” recording. He re- 
turned to the Laboratories in 1937 and for a 
short time handled arrangements for excess shop 
work in the Plant Department and then trans- 
ferred to the space assignment and studies group 
where he engaged in the preparation of funda- 
mental space data. Last May he became Building 
Layout Engineer, responsible for space assign- 
ments. 

C. R. Enciunp, Radio Research Engineer, 
completed twenty-five years of service in the 
Western Electric Company and the Laboratories 
on the first of August. After receiving the degree 
of B.S. in Chemical Engineering from the Uni- 
versity of South Dakota in 1909, Mr. Englund 
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went to the University of Chicago for two years 
of graduate study. He then went to the Western 
Maryland College as Professor of Physics and 
Geology, and a year later to the University of 
Michigan as laboratory assistant. In 1914 he 
left academic work to join the Engineering 
Department of the Western Electric Company; 
since that time he has been concerned with 
radio research. 

In 1915 he joined the newly formed radio 
group which was responsible for the early de- 
velopment of radio for telephonic purposes. Later 
he became engaged in radio-frequency measure- 
ments, developing radio-frequency bridges and 
impedance standards. When the ship-to-shore 
radio program was inaugurated in 1919 he went 
out on field work and when this work was com- 
pleted joined the group at the Cliffwood lab- 
oratory. Here he developed radio field strength 
measuring methods and apparatus and assisted 
the Department of Development and Research 
of the American Telephone and Telegraph Com- 
pany in its development work at Riverhead, 
Long Island, on the long-wave transatlantic 
radio-telephone receiver equipment, including a 
quantitative study of various antenna structures. 
He also constructed the equipment which was 
taken to England in 1922 to initiate the long- 
wave transatlantic radio-telephone circuit. 

Mr. Englund, in 1926, began an ultra-short- 
wave investigation to survey the possibilities of 
this part of the radio spectrum and successfully 
extended the quantitative technique of high- 
frequency work to two-meter wave lengths. 
More recently he has been engaged in a study of 
the effect of earth and atmospheric irregularities 
on ultra-short-wave transmission. Since 1930 he 
has carried on this work at the Holmdel lab- 
oratory of the Radio Research Department. 


C. W. Lowe 
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C. R. Englund 


A. F. BENNETT, Transmission Instrument De- 
velopment Engineer, received a five-star emblem 
on the twentieth of July signalizing his com- 
pletion of twenty-five years of service in the 
Engineering Department of the Western Electric 
Company and the Laboratories. Mr. Bennett 
joined the instruments standards group of the 
Laboratories in 1914 and during the World War 
was associated with the development of sub- 
marine detection apparatus. After the Armistice 
he turned to studies of the granular carbon trans- 
mitter, and took a leading part in the develop- 
ment of the station handset transmitter, the 
barrier-type operator’s transmitter, and the in- 
struments for the audiphone. 

More recently, Mr. Bennett has had charge of 
the development of the Fi transmitter unit and 
the station handset which has now become 
standard for the telephone plant. Since 1937, as 
Transmission Instrument Development Engi- 
neer, he has been in charge of the development of 
carbon-type transmitters and amplifiers and the 
mechanical design of instruments for system- 
wide use. 

ON THE TWENTY-SIXTH of August, E. F. 
Watson of the Telegraph Facilities Department 
completed twenty-five years of service in the 
Bell System. Mr. Watson joined the Engineering 
Department of the American Telephone and 
Telegraph Company in 1914 after receiving the 
M.E. degree from Cornell University. He had an 
active part in the early tests and the first service 
trials of teletypewriters, both in handling official 
business and in news distribution by the various 
press associations. 

Later, as a member of the equipment division of 
the Department of Development and Research, 
he contributed materially to the development 
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E. F. Watson 


of various types of telegraph equipment, partic- 
ularly teletypewriters and teletypewriter systems, 
telephotograph systems, telegraph maintenance 
and testing equipment, grounded telegraph 
systems and regenerative telegraph repeaters. 
Since the consolidation of the Department 
of Development and Research with the Lab- 
oratories in 1934, Mr. Watson has continued 
the same type of work as Teletypewriter Engi- 
neer of the Telegraph Facilities Department. 
Mr. Watson, who holds forty-eight patents, is 
the inventor of a large number of teletypewriter 
devices and systems as well as telephotograph 
systems, many of which have proved to be 
extremely useful in Bell System services. 

J. G. Mortey,,Construction-Engineer-of the 


service-emblem-on-the-first-of July? Following 
graduation from Webb Institute, where he 
~specialized_in marine engineering and naval 
architecture ye entered the student course of the 
Western Electric Company at Hawthorne. After 


the usual shop training and installation experi- 


~ence;*Mr.-Motley was assigned to the Physical 


Laboratory of the Engineering Department at 
New York but left a year later to serve with the 
U. S. Army at the Mexican border. During the 
World War he was in France with the Field 
Signal Battalion of the 27th Division. 

Upon his return from France in April, 1919, he 
was first with the machine switching design 
group and then with the Radio Development 
Department on the installation of broadcasting 
equipment. Late in 1922 he transferred to the 
Plant Department where he has-since-been en- 


gaged in Plant operation and construction work. 


During 0) ions Hand L were erected 
and occupi 
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Department, was-awardeda_ five-star. 


E. C. Matthews 


sion and later construction in outside leased space 
occupied by the Laboratories. In all of these 
projects Mr. Motley took an active part. 

BEFrorRE the Bell System, E. C. 
Matthews worked for a short time with the 
Singer Manufacturing Company at Elizabeth- 
port and the Diehl Manufacturing Company at 
Elizabeth. In 1914 he came to the Engineering 
Department of the Western Electric Company 
and for five years was engaged as a draftsman in 
the development of various dial system appa- 
ratus. During this time he attended the Newark 
Technical School from which he graduated in 
1917, specializing in mechanical engineering. 

From 1920 to 1922 Mr. Matthews was engaged 
in the preparation of manufacturing specifica- 
tions of various types of manual and dial appa- 
ratus such as interrupters, sequence switches 
and telephone sets and also radio receivers and 
public address apparatus. Since 1922, in the 
Apparatus Development Department, he has 
been engaged in the design and development of 
keys, switches, visual ringing signals and mis- 
cellaneous manual central office and subscriber 
station apparatus. More recently he has been 
particularly concerned with the development of 
keys for the new combined telephone sets used in 
key-telephone systems. On the twentieth of July 
Mr. Matthews received a five-star emblem upon 
his completion of twenty-five years of service. 

W. F. Smiru, Jr., joined the Engineering 
Department of the Western Electric Company in 
1914 as a laboratory assistant in the Transmission 
Laboratory and was concerned with the testing 
of telephone transmitters and receivers. During 
the war he assisted in the development of 
microphones for aircraft radio equipment for the 
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Signal Corps and fire-control equipment for the 
Navy. He then participated in the design and 
construction of equipment used in testing tele- 
phone transmission instruments and assisted in 
the development of methods for testing trans- 
mitters and receivers. As a member of the 
current engineering group his work included a 
study of manufacturing processes and materials, 
the preparation of specifications, and the estab- 
lishment of inspection and testing require- 
ments. During this time he attended Cooper 
Union from which he received the B.S. degree in 
1922 and the E.E. degree in 1930. 

Later, in what is now the Transmission In- 
strument Development Department, Mr. Smith 
has engaged in the design and development of 
telephone instruments including a special trans- 
mitter the use of which prevents bystanders from 
overhearing the speaker’s voice, anti-noise micro- 
phones, and special acoustic devices. More re- 
cently he has been in charge of a group concerned 
with the development of special transmitters and 
receivers including those used in aviation and 
mines and by the U. S. Army and Navy. On the 
ninth of July he received a five-star emblem 
signifying his completion of twenty-five years of 
service in the Engineering Department of the 
Western Electric Company and the Laboratories. 

J. N. Wa ters, who completed thirty-five 
years of service on the first of June, joined the 
Plant Department of the Central Union Tele- 
phone Company in 1902 and for a year worked in 
Vincennes and Washington, Indiana. For the 
next two and a half years he was with the 
Kellogg Switchboard and Supply Company in- 
stalling switchboards throughout the Middle 
West, and then was wire chief of the New Home 


W. F. Smith, Fr. 


[xiv] 


F. N. Walters 


Telephone Company at Linton, Indiana. From 
1905 to 1909 he worked for the Bell Telephone 
Company of Buffalo, first in the Engineering 
Department and then as exchange cable main- 
tenance foreman at Rochester. When this com- 
pany was consolidated with the New York Tele- 
phone Company in 1910 he became district 
inspector of the Rochester district in charge 
of central office and outside plant maintenance. 
In 1913 he transferred to the Engineering De- 
partment in New York, working on fundamental 
design plans for central offices. When the field 
trials of the semi-mechanical system in Newark 
were started, he was one of the group of engi- 
neers assigned to this work and became the first 
chief switchman of the Waverly exchange. 

In 1916, Mr. Walters joined the Engineering 
Department of the American Telephone and 
Telegraph Company and in 1919 the equipment 
division of the newly formed Department of 
Development and Research. Since 1934 he has 
been in the Local Central Office Facilities De- 
partment of the Laboratories. During this time 
he has been intimately associated with the 
maintenance development program covering the 
panel, step-by-step and crossbar systems. In 
this work, in addition to aiding in formulating 
the broad requirements for all kinds of testing 
equipment, he has been concerned in the design 
of new apparatus and systems from the stand- 
point of consideration for maintenance factors. 


* * * * * 


ArTerR J. R. Weeks, Jr., graduated from 
Sheffield Scientific School of Yale University 
with the degree of Ph.B. in 1914, he joined the 
student course of the Western Electric Company 
at Hawthorne, thus starting his service in the 
Bell System which reached the 
quarter-century mark on the 
eighth of July. Mr. Weeks’ 
student training consisted of 
four months of shop work, four 
months at the Engineering 
Department in New York and 
a similar length of time in the 
Installation Department at 
Wilmington. He then was as- 
signed to the Research De- 
partment in New York where 
he first engaged in the manu- 
facture of the vacuum tubes 
used in the Arlington-Paris 
transatlantic radio-telephone 
tests and then was transferred 
to vacuum tube development. 

Mr. Weeks served in the 
Signal Corps of the United 
States Army during the war, 
receiving his commission just 
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after the Armistice. Since 1920 
he has been in the Apparatus 
Development Department. 
Until 1925 he was concerned 
with insulation studies, prin- 
cipally of rubber for submarine 
cables, and during 1923 he as- 
sisted in laying and testing the 
Catalina-“San Pedro rubber- 
insulated submarine cable. For 
the next three years he was 
engaged in the design of load- 
ing coils and retardation coils 
for filters and networks; and 
since then with the design and 
development of all types of 
paper and mica condensers for 
filter and network elements 
and for general use in the 
Bell System telephone plant. 
* * 


Wuen A. H. Incuis was 
graduated from Yale University with the de- 
gree of B.A. in 1914, he immediately joined 
the student course of the Western Electric 
Company at Hawthorne, thus commencing his 
service in the Bell System which reached the 
twenty-five-year mark on the twenty-second 
of July. His student training covered manu- 
facturing at Hawthorne, research in the Engi- 
neering Department at West Street and instal- 
lation with the Installation Department at 
Wilmington. He then spent a year on general 
transmission work at West Street and another in 
charge of a group on telephone-instrument testing 
methods. During the first few months of the 
World War he was engaged in special work on 
submarine signaling. From July, 1917, to July, 
1919, he was in the U. S. Signal Corps, first at 
Fort Wood, then as Master Signal Electrician 
with the Division of Research and Inspection in 
charge of electrical inspection of Signal Corps 
telephone material at Paris. He finally spent 
four months with a Signal Corps detachment at 
the University of London. 

Upon his return to civilian life, Mr. Inglis 
joined the equipment development group of the 
Department of Development and Research of the 
American Telephone and Telegraph Company, 
where he was concerned with station develop- 
ment work on telephone instruments and sets 
and with public address systems. Shortly there- 
after he was placed in charge of a group doing this 
work and in 1925 station transmission develop- 
ment and field investigations were added to his 
responsibilities. When the D & R was merged 
with the Laboratories in 1934, he came to the 
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A. H. Inglis 


Transmission Development Department where he 
was in charge of groups covering general station 
and operators’ transmission problems, transmis- 
sion instruments rating and field studies. In 1936 
his work included also the study of field per- 
formance and requirements for station instru- 
mentalities in general. Since 1937, when the 
Switching Research and Station Instrumentali- 
ties Department was formed, Mr. Inglis has con- 
tinued with this work as well as certain switching 
research studies. 


PLans ror A New RESTAURANT 


PLANS ARE now well under way for a new 
restaurant for our West Street Building, to be 
located on the first floor of Section G. The 
undertaking comprises a cafeteria, seating four 
hundred, to occupy the major part of the section; 
a dining room, seating eighty, in which table 
service will be given; and a lunch room seating 
sixty for those who wish to bring their own 
lunch. Access from the building will be from the 
first floor elevator lobby of Section H through a 
new corridor, to be built along the inner wall of 
Section H, and through the existing Section G 
stairway; there will also be an exit to the street 
through the present Section G doorway on 
Washington Street. Food will be prepared and 
served from a commodious kitchen to be built 
along the Bank Street side. ‘4 

Mechanical ventilation, with cooled and fil- 
tered air, will be provided. Voorhees, Walker, 
Foley and Smith are the architects. Occupancy is 
expected about the end of this year. 
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First INSTALLATION OF 2121-PaAIR CABLE 


In THEIR Jersey City area, the New Jersey 
Bell Telephone Company recently installed the 
first section of the recently developed 2121-pair 
cable. In size of wire and size of sheath this cable 
is the same as the 1818-pair cable developed 
some years ago and described in the Recorp 
for February, 1929. The 303 additional pairs 
were made possible by an improved technique 
of wire insulation invented by the Western 
Electric Company, a method that made possible 
a slight reduction in the thickness of the insu- 
lation surrounding each strand. 

With this new method of insulation, which 
has been developed during the last ten years, the 
usual insulation of paper tape is replaced by a 
coating of wood pulp by a method outlined in 


the Recorp for April, 1932. The decrease in 
diameter of each insulated wire secured by this 
method is only three thousandths of an inch, but 
this permits the increase from 1818 to 2121 pairs. 

Like the 1818-pair cable, the new one employs 
26-gauge conductors, and the core is built up of 
10I-pair units; but there are twenty-one instead 
of eighteen of them. The outside diameter and 
thickness of the sheath remain the same as 
before. Two pulp-insulated wires are twisted 
together to form a pair, and 101 of these pairs 
are bound together to form the core unit. 
Twenty-one of the units are then twisted to- 
gether. The core, after being dried in vacuum 
ovens, is sheathed with lead forced through 
dies under great pressure. 


A One-Kilowatt Broadcast Transmitter 


By H. A. REISE 


Commercial Products Development 


ESIDES the basic invention and_ vances, such as stabilized feedback* 
discoveries that are continu- to reduce noise and harmonics, and 
ally improving modern appara-_ the Doherty high-efficiency circuit 


tus, there has been a steady progress 


*RecorD, February, 1937, p. 182. 


in design. Perhaps its most out- = {Recorp, June, 1936, p. 333- 


standing feature is simplicity. 
The gingerbread and pseudo- 
ornamentation of the late cen- 
tury is gone, and in its place 
are plain surfaces, sweeping 
lines, and sparseness of un- 
necessary detail. The change 
is more than superficial. Sim- 
plification is carried to all the 
component structures and to 
the manufacturing processes. 
This trend is evident in the 
design of all Bell System appa- 
ratus, such as the subscriber’s 
telephone set with its graceful 
exterior simplicity. 

This same trend in design 
extends to the considerable 
amount of radio apparatus de- 
signed by the Laboratories for 
the American Telephone and 
Telegraph Company, to be 
used in its many transoceanic 
services, and for the Western 
Electric Company, to be used 
in broadcasting and in the 
rapidly expanding field of air- 
plane communication and 
safety. Many of the distin- 
guishing features of this mod- 
ern design are exemplified in 
the new 1000-watt broadcast- 
ing transmitter recently made 
available. Besides incorporat- 
ing all the recent technical ad- 
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Fig. 1—The 443-4-1 radio broadcast transmitter 


that permits full output of the trans- 
mitter with only 4.4 kw input—a re- 
duction of 28 and of 56 per cent com- 
pared to the two previous models of 
this rating—it attains a new sim- 
plicity of assembly and structure in a 
distinctly modern exterior. 

Many broadcast stations are li- 
censed for lower power during the 
night than during the day. To ac- 
commodate such users, this trans- 
mitter is designed for operation at 
either 500 or 250 watts as well as at 
1000. The higher rating may be 
either 500 or 1000 watts, but by oper- 


Fig. 2—All the electrical components, ex- 
cept the three door switches, are mounted 
on the central structure 
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ating a toggle switch, the output is 
cut to either 500 or 250 watts when 
the maximum is 1000 watts, or to 250 
when it is 500. For full 1000-watt oper- 
ation, four output tubes are em- 
ployed, but when the maximum out- 
put is to be 500 watts, only two are 
installed. The transmitter is crystal 
controlled, using the 702A oscillator 
which is capable of maintaining its 
frequency within a few cycles for any 
temperature and voltage variations 
ordinarily encountered in broadcast- 
ing service. A spare oscillator unit is 
included, and control of the set may 
be transferred to it by the simple 
operation of a switch. 

The output of the oscillator is 
amplified in three successive stages by 
direct-coupled and tuned amplifiers, 
and then by the final power-output 
stage, which employs the new 357A 
radiation-cooled tubes. Modulation is 
achieved by applying the output from 
a two-stage voice-frequency amplifier 
to the grids of this stage. The output 
of this final stage is fed through a 
radio-frequency filter and coupling 
circuit to the antenna, either directly 
or through a transmission line. A 
small portion of the radio-frequency 
output of the transmitter is rectified 
by a vacuum tube, and the rectified 
wave is fed in series with the program 
input to the first audio stage to fur- 
nish stabilized feedback. Another recti- 
fier tube, coupled to the radio- 
frequency circuit, is used for audio 
monitoring. Four tubes are used in 
parallel in the second audio stage, 
which is resistance coupled to the 
grids of the modulating final amplifier. 

All power is obtained from a nomi- 
nal 230-volt single-phase circuit at 
either 50 or 60 cycles. A manual 
regulator permits adjustment for line 
voltages from 187 to 250. A single- 
phase four-tube bridge-type rectifier 
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Fig. 3—Front view of 443-A-1 radio trans- 
mitter with door open 


with its associated potentiometer sup- 
plies all plate and screen potentials. 
All audio and radio stages are self- 
biased except the final radio-frequency 
stage, which obtains its bias from a 
single-phase full-wave rectifier. 

A feature of considerable interest 
to the operator of the transmitter is 
the absence of fuses. Overload pro- 
tection is obtained by circuit breakers 
of a new type, which also serve as 
switches to make possible a very 
simple and effective control circuit. 
Door switches at the front and back 
trip the magnetic contactor feeding 
the plate- and grid-supply rectifiers 
when either door is opened. On the 
front door is another switch, closing 
slightly after the first one opens, 
which grounds the high-voltage d-c 
lead through a low resistance. If the 
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contactor, for any reason, should fail 
to open when the first switch operates, 
the circuit breaker will be tripped by 
the overload placed on it by the 
second switch. 

A blower in the back of the unit 
furnishes forced-air cooling for the 
entire transmitter. The system pro- 
vides a slight air pressure within the 
unit, and thus prevents the entrance 


Fig. 4—On the rear of the transmitter are 
the coils, condensers, and the voltage 
regulator, evident at the right 


of dirt. A spun-glass filter in the in- 
take to the blower filters the air 
drawn in, and a very thin spun-glass 
filter in the top of the transmitter 
serves as outlet for the air and pre- 
vents dust from .entering when the 
blower is stopped. A thermostat and 
buzzer are provided to give warning 
of excess temperature should the 
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blower stop or the intake filter to the 
transmitter become clogged. 

Considerable thought has been given 
to the arrangement of the apparatus, 
and has resulted in a high degree of 
accessibility. All the apparatus is 
mounted on a central vertical struc- 
ture as shown in Figure 2. The cabinet 
is only a cover for the transmitter 
assembly, and nothing is mounted on 
it but the three door switches. The 
vertical mounting area is divided into 
three sections, with all power-supply 
equipment on the lower section, voice- 
frequency and low-power radio-fre- 
quency stages on the middle section, 
and output circuits on the upper. 
This brings all the major heat gener- 
ating units in the upper part of the 
unit where the heat is carried off with- 
out affecting the lower sections. On all 
units such components as coils, con- 
densers, and the regulator are 
mounted on the back, while the tubes, 
oscillators, and practically all the 
wiring—including the circuit breakers 
—are on the front (Figure 3). 

On the lower section, above the cir- 
cuit breakers, are the four rectifiers 
for plate and screen supply at the left, 
and the rectifier for the final stage bias- 
ing is the small tube at the right. In 


the middle section, along the lower row 
from left to right, are the four parallel 
tubes for the second stage audio 
amplifier, the first audio stage, and 
the rectifiers for feedback and moni- 
toring. In the upper row are the two 
oscillators at the right, and the three 
low-power radio-frequency amplifier 
tubes at the left. In the top section 
are the four output tubes. A row of 
four meters is mounted across the top 
of the front, and down the upper half 
of the unit on each side of the front 
door are the controls. A narrow door 
on each side covers these controls 
when not in use to prevent accidental 
displacement of any of them. Figure 
4 Shows the arrangement of apparatus 
in the rear of the transmitter. 

Like other Western Electric Trans- 
mitters, the 443-A-1 is capable of com- 
plete modulation with very high 
quality, and transmits a frequency 
range from 30 to 10,000 cycles. Its 
arrangement into a single compact 
unit, with maximum accessibility for 
all component parts, gives it a distin- 
guished place in its field, and 
moderate cost and low power input 
should make it very attractive for 
commercial and police broadcasting 
applications. 
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Lockout Circuits 


By F. A. KORN 
Central Office Switching Development 


N ANY automatic telephone switch- 

ing system, the time required to 

set up a connection is only a very 
small part of the total time from the 
beginning to the end of the call. In 
the crossbar system, for example, the 
selection of the paths through the 
switches and the operation of the 
cross points requires but a fraction of 
a second, while the following conver- 
sation may last several minutes. If 
the equipment used for establishing 
the connection is made part of the 
main switching units, its efficiency of 
use will be very low, since it will 
be used for only a fraction of a second 
on each completed connection. By 
dissociating the controlling equip- 
ment from the switching units used in 
the talking path, however, the control 
circuits may be employed very ef- 
ficiently, since they may be used al- 
most continuously in establishing one 
call after another. 

This is the principle employed in 
the crossbar system. Separate con- 
troller or marker circuits are used, for 
example, at the various stages of the 
switching chain, each being associated 
with a call only long enough to per- 
form its switching function. In this 
way these expensive controller or 
marker circuits are employed very 
efficiently, and thus become inex- 
pensive per call. 

Each such circuit must be able 
to connect itself to each switching 
unit it controls; and paths must be 
provided as indicated in the upper 
diagram of Figure 1. If the arrange- 
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ment were as simple as there in- 
dicated, however, several of the con- 
troller circuits might connect them- 
selves to the switching unit at the 
same time, and thus interfere with 
each other. To avoid this, an addi- 
tional circuit is interposed between 
the controller and the switching cir- 
cuit as indicated in the lower diagram. 
This circuit is known as a lockout or 
“gate” circuit. It is arranged to permit 
only one controller circuit to be con- 


SWITCHING 
UNIT 


CONTROLLER CIRCUITS 


SWITCHING 
UNIT 


LOCKOUT 
CIRCUIT 


CONTROLLER CIRCUITS 


Fig. 1—Each common controller circuit 
must have access to the switching units it 
controls (upper diagram); and to prevent 
several controller circuits seizing the same 
switching unit at the same time, a lockout 
circuit is interposed (lower diagram) 
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nected to the switching unit at a time, 
and where a number of controller cir- 
cuits are awaiting connection, to 
select them successively as nearly as 
possible in the order of their request 
for connection. Such lockout circuits 
are employed at many points in the 
system, and although they differ 
somewhat in type, depending on their 
location, their functions are essen- 
tially the same. 

One place where such lockouts are 
used is between the terminating 
markers and the number groups.* 
There may be as many as twenty-five 
number groups in an office and from 
three to ten markers. Each marker 
must be able to reach any number 
group but not more than one marker 
must be allowed to connect to the 
same number group at the same time. 
Each number group has a lockout 
circuit through which all the marker 


*RECORD, July, 1939, D- 356. 


NUMBER 
GROUP 


connections must pass, and the circuit 
provides that only one connection be 
made at a time and that the markers 
will be served as nearly as possible in 
the same order in which they ask for 
connection. 

The essential features of the lockout 
circuit provided for this situation are 
shown in simplified form in Figure 2. 
The relays in the top row, marked 
Mc, are the ones that close the con- 
nection between the number group 
and one of the markers, while those in 
the bottom row are in the marker, and 
are operated when the marker wants a 
connection to that particular number 
group. The lockout relays themselves 
comprise the middle row, and are 
marked mp. All the relays have fol- 
lowing numbers to indicate the marker 
served. It will be noticed that two 
circuits run through the back con- 
tacts of the mp relays. Each chain is 
grounded at one end. The ground c1 


| # 
THROUGH THROUGH | 
INTERMEDIATE MP5 INTERMEDIATE MP9 
RELAYS RELAYS 
MPI TO MP4 MP6 TO MP8 
G2 
| | | | | 
| | OPERATING. | | " “OPERATING | 
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= | = 
| | | 
MARKER O MARKERS MARKER 9 


Fig. 2—Simplified lockout circuit of the type used between the terminating marker and 
the number group 
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for the upper chain is at the left and 
that for the lower chain at the right. 
In addition each relay but the last 
has a ground g on a front contact by 
which it holds itself operated. 

When marker No. 5, for example, 
desires a connection to the number 
group, it closes its st lead, which oper- 
ates the associated mp relay through 
the chain circuit to G2. This relay 
holds itself operated through g, and 
connects ground G1 through the chain 
circuit to the winding of mcs. This 
relay operates and connects marker 
No. 5 to the number group. By the 
operation of mps, the G1 chain is 
opened to P relays 6 to g inclusive, so 
that even if these relays should oper- 
ate, they would not operate their asso- 
ciated Mc relays. The G2 chain, on the 
other hand, is opened to mp relays 
from 0 to 4 inclusive, so that these Mp 
relays cannot operate even though the 


ALARM AND TRANSFER RELAYS 


markers closed their st leads. As a 
result of this situation, markers 6 to 9 
inclusive may operate their mp relays 
but no further action will result, while 
if markers o to 4 close their st leads, 
nothing happens. 

When marker 5 finishes with the 
number group, which will be in less 
than a second, it will release mp5, and 
the reéstablishment of the G1 chain 
will bring in the mc relay of the next 
operated mp relay. When this next 
marker finishes with the number 
group, the next mc relay of higher 
number will be operated, and so on 
until all markers up to No. 9 have 
been served. With the release of mpg— 
or the highest mp relay that was oper- 
ated—the G2 chain will be reéstab- 
lished, and any waiting markers will 
operate their mp relays. The lowest 
numbered one will operate its Mc 
relay and in doing so will open the c1 
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Fig. 3—Alarm and transfer circuits used with important lockout circuits 
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chain to the higher numbered relays, 
and the G2 chain to the lower num- 
bered ones. The cycle will then pro- 
ceed as before. It begins with the 
lowest numbered marker, travels suc- 
cessively through those of higher 
number, and then starts over again. 

The two chain circuits may be 
looked upon as doors to a physician’s 
reception room, with the number 
group acting as the doctor. The cI 
chain is the door leading to the con- 
sultation office, and the G2 chain is the 
door from the street. When mpg is 
released, the outer door is opened, and 
all the marker patients waiting step 
inside the reception room. The door 
to the doctor’s office is then opened 
wide enough to admit the patient at 
the extreme left. After he has been 
served, the door is again opened to 
receive the next patient, and so on 
until all have been served. While this 
serving of patients has been going on, 
the outer door has been closing from 


left to right, so that new patients can 
enter the reception room if they are to 
the right of the one being served. 
After the reception room has been 
emptied, however, the outer door is 
opened wide, and all waiting patients 
step in. 

On very important circuits, where 
the failure of the chain circuit would 
seriously affect the service given, two 
such lockout circuits are provided, 
one to be switched in automatically 
on failure of the other. Alarms are 
provided to indicate when a transfer 
occurs, and controls to permit the 
transfer to be made manually to in- 
sure that both circuits are always in 
working order. 

The essential features of this cir- 
cuit are indicated in Figure 3. Under 
normal conditions, the operation of 
an MP relay opens and closes both of 
the chain circuits together so that 
current is always flowing in both or 
neither of them. Under the most 
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Fig. 4—Block schematic of crossbar system showing 
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likely trouble conditions, however, 
such as faulty contact, false grounds, 
or crossed contacts, there will be oc- 
casions when current will flow in one 
chain only. Under these conditions all 
the mc and st leads are transferred to 
the other chain through two or more 
TR relays under control of the double- 
wound cH relay. One end of each 
winding on this latter relay is con- 
nected to battery and the other ends 
run, through the transfer relay TR2, 
to the ends of the ci and G2 chains. 
The two windings on the cu relay are 
differentially connected so that with 
current in both of them, the relay re- 
mains unoperated. With current flow- 
ing in only one of the ground chains, 
however, as would occur under trouble 
conditions, mentioned above, cH op- 
erates and in turn operates TRI. This 
relay holds itself operated through a 
ground on the key sa, and also oper- 
ates the other TR relays. Only TR2 is 
shown, but if there are not enough 


contacts on TRI and TR2 to transfer 
the leads from all the markers, one or 
more similar relays will be added. In 
addition to transferring the mc and st 
leads for mpg and the chain leads to 
CH, TR2 lights a lamp and sounds an 
audible alarm. The maintenance man 
stops the alarm by operating the 
key sa, and then proceeds to correct 
the trouble on the first lockout circuit. 

In the meantime the alternate lock- 
out circuit is in use, and its chain cir- 
cuits have been transferred to the cu 
relay, taking the place of those from 
the regular lockout circuit. Should the 
alternate lockout circuit fail, there- 
fore, cH would again operate, and by 
releasing the TR relays, would bring 
the regular lockout circuit into use 
again. This transfer may also be made 
manually at any time by operating 
the mtr key, which will make the 
transfer regardless of which lockout 
circuit is in use. 

A somewhat different type of lock- 
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out circuit is employed in the line-link 
controller circuit* to determine the 
order of serving the lines when a num- 
ber of calls come in at the same time. 
This arrangement is shown in simpli- 
fied form in Figure 5. The lines of 
each frame are divided into ten hori- 
zontal groups, and a common st lead 
for each group is grounded when any 
line relay of that group operates. 
Only one group can be served at a 
time, however, and the lockout cir- 
cuit shown in the illustration provides 
the necessary control. 

If, for example, a ground should 
appear on sts—because of the opera- 
tion of a line relay in horizontal group 
five—relay H5 would be operated, and 
would connect ground to the operat- 
ing circuit for that group by ground 
from the lower contact of the cT relay 
and a chain circuit through back con- 
tacts on the H relays. The cr relay is 
also operated through a front contact 
of H5, and in operating, opens the st 
leads from the other 
groups of line relays so 


further calls from coming in. Al- 
though a number of the u relays oper- 
ate, only the lowest numbered one 
will connect ground through to its 
operating circuit because of the chain 
circuit from ground on the cr relay. 
The lowest numbered H relay that 
operates opens this circuit so that 
ground is not accessible to the others. 
After this circuit has been served, 
however, its 4 relay releases and re- 
establishes the chain circuit to the 
next relay. This procedure continues 
until all the operated u relays have 
been served. The last H relay to re- 
lease opens the circuit to the cr relay, 
which releases to allow any waiting 
calls to operate their H relays. 

It will be noted that the action of 
this “gate” or “lockout” circuit is 
slightly different from that of Figure 2 
in that the gate opens or closes com- 
pletely like a portcullis rather than 
with the action of a sliding door. When 
the gate opens, on the release of crt, 


that no other call can 
gain access to the con- 
troller circuit until this 
call is handled, which 
is only a matter of a 
fraction of a second. 


as TO OPERATING 
Hg CIRCUIT FOR 
oll GROUP 9 


A ground on any of 
the other st leads 
would have resulted in 
a similar operation 
through one of the 
other H relays. Had 
calls come in from sev- 
eral of the horizontal 


THROUGH H6 
TO H8 RELAYS 


TO OPERATING 
CIRCUIT FOR 
GROUP 5 


THROUGH HI 


groups at the same ~ Al 


time, all the corre- - 
sponding H relays 
would have operated 
and at once have oper- 
ated GT to prevent 

*Recorp, May, 1939, p. 266. 
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Fig. s—A form of “gate” or “lockout” circuit employed in 
the line-link controller circuit 
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all waiting calls may enter, and when 
it closes—on the operation of cGr—no 
more calls may enter until all those 
within have been attended to. With 
the circuit of Figure 2, however, the 
gate—when a call comes in—slides 
from the left up to that call, but re- 
mains open for calls to the right of 
that call to enter; it closes completely 
only when battery appears on the st 
lead for marker 9. This difference is 
employed because of slight variations 
in the circuits with which they are 
associated. 

Although the use of lockout cir- 
cuits in telephone systems is not new, 
the common control features of the 
crossbar system have required their 
application to a much greater extent 
and with more elaborate circuit re- 
finements. Applications of similar 


principles, however, may be found in 
the start circuit of the panel line 
finder, and in manual systems in con- 
nection with automatic listening, 
where it is necessary to permit the 
connection of only a single trunk to 
an operator’s telephone circuit at a 
time. Later, such circuits were used 
with the panel decoders. A duplicate 
set of relays with a transfer relay and 
alarm were added to this latter circuit 
to make it suitable for some of the 
crossbar circuits. 

The two types of lockout circuits 
described above are used in a number 
of places in the system as indicated in 
Figure 4. Other types of lockout cir- 
cuit are also used at the locations 
marked. In general they function in a 
similar manner to the circuits de- 
scribed, but usually are less elaborate. 


In switching apparatus contact troubles are occasionally caused by 
dirt, principally lint. Engineers of the Cincinnati Suburban Bell 
Telephone Company suggested a preventative in the form of a shield 
of vulcanized paper, which has recently been standardized. The shield 
is placed over the key frame and its sides folded down to form an 
apron along each side of the key. It fits snugly around the lever cam 
and thus effectively retards the entrance of dirt from the keyshelf 
surface. The aprons minimize circulation of air-borne dust around 
the key springs 
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O ptical Curve Analysis 


By H. C. MONTGOMERY 
Physical Research 


NALYSES of the complex 
sounds of speech and music 
into the simple tones of which 

they are composed are often desired 
in fundamental studies in telephony. 
Machines* have been made to per- 
form this operation mechanically but 
they are complicated and require con- 
siderable time for an analysis. A 
much simpler method, which makes 
analyses rapidly by optical means, has 
recently been devised by the Lab- 
*Recorp, May, 1935, p. 259. 


Fig. 1—Optical curve analyzer which can 
measure the first thirty harmonics of a 
complex sound in a minute and a half 
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oratories. A variable-area recording 
on film of the complex sound to be 
analyzed is projected onto a variable- 
density record of a pure tone whose 
frequency is the fundamental or a 
harmonic of the complex sound, and 
the intensity of the transmitted light 
is measured. By repeating this process 
with variable-density records of other 
frequencies, as many harmonics as 
desired may be measured. 

The principle underlying this 
method is the theorem of Fourier, 
which states that a given periodic 
function, such as that representing a 
sound wave, can be expressed by a 
series of sinusoidal terms of proper 
amplitude and phase. For a sound, 
these terms are the fundamental tone 
and its harmonics. The amplitude of 
each term is the integral of a con- 
tinuous function formed by multi- 
plying instantaneous values of the 
given wave form by the corresponding 
values of a sinusoidal function whose 
frequency is that of the harmonic in 
question. 

These operations may be performed 
optically. Assume that the given 
function be represented by a variable- 
area record (Figure 2a), the sinu- 
soidal function by a variable-density 
record (Figure 2b), and that these two 
records be superposed in the path of a 
beam of light. Consider now a narrow 
vertical element of the two records. 
An instantaneous value of the given 
function is represented by the length 
of the element left uncovered by the 
variable-area record, while the sinu- 
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soidal function is represented by the 
transmissivity of the corresponding 
element in the variable-density record. 
Obviously the amount of light trans- 
mitted through the element is propor- 
tional to the product of the area by 


the transmissivity. Measuring the 
total amount of light transmitted 
within the limits of one cycle cor- 


(a) 


(b) 


Fig. 2—The analyzer projects a variable- 

area record, a, of the sound analyzed onto a 

variable-density record, b, of a harmonic of 

that sound, and measures the light trans- 
mitted 


responds to the mathematical process 
of integration. 

In the practical form of instrument 
developed in the Laboratories, the 
variable-area record of the sound 
analyzed is placed in a holder, A, 
Figure 3, and illuminated strongly 
by an incandescent lamp. A lens sys- 
tem projects an enlarged image of 
this sound track on the “‘cosine plate,” 
B, which is a variable-density record 
of a pure tone. Different wave lengths 
on the sound record at A can be ac- 
commodated by adjusting the enlarge- 
ment so that they are projected to the 
same size at B. The transmitted light 
falls on a photoelectric 
cell, C, whose outputis cichr 
a measure of the ampli- 


cosine plate. A different cosine plate is 
used for each harmonic. 

With the Laboratories’ instrument, 
which has thirty plates, thirty har- 
monics can be found. The plates are 
stored in slots in the drum-shaped 
magazine shown in the photograph 
and are drawn out, one at a time, into 
the optical path by a system of cams 
and levers at the back of the instru- 
ment. Each harmonic is measured by 
displacing the corresponding cosine 
plate along its axis in the plane of the 
projected image of the sound wave. 
If the sound wave contains a harmonic 
of the same frequency as that of the 
cosine plate, a cyclic variation in in- 
tensity of the transmitted light occurs 
as the cosine plate moves. The differ- 
ence between the maximum and mini- 
mum intensity is proportional to the 
amplitude of the harmonic; and the 
displacement of the cosine plate for 
maximum intensity is directly pro- 
portional to the phase angle of the 
harmonic. An automatic voltage re- 
corder is connected in the photo- 
electric cell circuit to give a contin- 
uous record of the light intensity on a 
chart as the cosine plate moves 
across the field. 

The instrument operates entirely 
automatically after initial adjust- 
ments have been made and an analy- 
sis to thirty harmonics requires only 
about a minute and a half. Since the 
record on the chart is in graphical 
form, its general characteristics can 
be seen at once. The amplitudes of the 
harmonics are read in linear or logarith- 
mic units with an appropriate scale. 


PHOTO- 
| | CELL 
tude of the harmonic — 


component of the com- 
plex sound whose fre- 
quency is that of the 
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Fig. 3—Diagram of the optical curve analyzer 
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This method of analysis is appli- 
cable to many different functions but 
the machine described here was de- 
signed particularly to study speech 
and music. It has an advantage over 
many other types of analysis for this 
purpose because it uses a record as 
obtained, without tracing, blacking 
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film speed of eighteen inches per sec- 
ond, complete analyses can be made if 
the fundamentals are between 65 and 
310 cycles. Fifteen harmonics can be 
measured for fundamentals up to 620 
cycles. The amplitude range is about 
50 to 1, and the measurements are 
correct within one db except for very 
small components. 


SF 
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Examples of the 
vowel “er” work of the analyzer 
are given in Figure 4, 
which shows analyses 
of single cycles from 
two vowel sounds, the 
er in father and the ou 
in out. The envelope of 


| | the analysis shows 
sensi three or four rather 


| | 
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prominent peaks which 
are thought to corre- 
spond to resonant cavi- 


VOWEL “ow” 


70 100 200 300 400 500 1000 


FREQUENCY IN CYCLES PER SECOND 


ties in the vocal pas- 
sages. A single analysis 
represents an interval 


2000 3000 4000 


Fig. 4—Analyses with the optical analyzer of the vowel sounds of approximately ten 
er as in father and ou as in out. The prominent peaks are milliseconds; a com- 
believed to correspond to resonant cavities in the vocal passages plete vowel may last 


in, or other preparation, and the 
record can be played before and after 
analysis. The optical analyzer offers 
the most rapid means available; other 
suitable methods require several hours 
to complete an analysis to thirty har- 
monics. The various resonance meth- 
ods of analysis* are not suitable for 
speech studies because the duration of 
many of the speech sounds is too short 
for the resonant elements to attain a 
steady state response. 

From records taken at the standard 
*REcorp, October, 1934, p. 60. 


from one hundred to 
four hundred milliseconds. Thus it 
may require from ten to forty analy- 
ses to completely describe a vowel. 
The features of these analyses change 
rather slowly during the mid-portion 
of the vowel, but quite rapidly at 
the beginning and end. It seems 
probable that the changes in the 
analyses during the course of the 
vowel are closely related to corre- 
sponding changes in the vocal cavities. 
The optical analyzer is rapid enough 
so that extensive studies of such 
phenomena are entirely practical. 
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